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ABSTRACT 


The alpine vascular flora and vegetation of Prospect Mountain, 
a suspected glacial refugium in the Front eee of the Alberta 
Rocky Mountains, were described quantitatively and qualitatively. 
Previous studies of the alpine vegetation on two heavily glaciated 
mountains in the Maligne Range at the same latitude, Signal and Bald 
Hills, were used for comparison. Soils, climate and glacial history 
of these two main study areas were also compared to determine their 
relative roles in accounting for the observed differences in flora and 
vegetation. 

The vascular flora of Prospect Mountain consists of 191 species 
in 34 families. These species were divided into 9 main geographic 
distribution types. Twenty-one of the species have disjunct populations 
on Prospect. | 

The vegetation was classified into 16 community types within 5 
tundra groups, using similarity matrices, cluster analysis and field 
observations. The Rock Tundra Group, dominated by Dryas integrifolia, 
covers the steep slopes and has the greatest areal extent. Shrub 
Tundra is found on the lower alpine slopes directly above treeline. 
Heath and Snowbed Tundra are restricted to small snow accumulation 
hollows. Meadow Tundra is common on the gentle slopes and flat areas. 
The distribution of community types and tundra groups along altitudinal 
and snowmelt gradients was studied using transects. 

The alpine soils of Prospect have developed on limestone colluvium 
and are high in pH, calcareous and dark coloured. Regosols dominate. 


Prospect and Signal have a vascular floristic similarity of 56%. 
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For Prospect and Bald Hills it is 58% and for Signal and Bald Hills 

it is 81%. In comparison with the Maligne Range study areas, the 
Prospect flora contains more Leguminosae and Salicaceae species, and 
fewer Ericaceae species. The Prospect flora is also composed of 

more North American low-elevation and arctic-alpine species, and fewer 
Amphi-Beringian species. There are more disjunct species on Prospect, 
but they are usually neither abundant nor important ecologically and 
they do not replace another species found in the same community in a 
heavily glaciated area. 

Cluster analysis of the stands from all three study areas showed 
that most Prospect Rock Tundra, Shrub Tundra and Meadow Tundra stands 
are structurally and compositionally distinct from the Maligne Range 
stands. The Heath and Snowbed Tundra stands showed greater similarity. 
Ecologically equivalent. communities to those on Prospect were desig- 
nated for the Maligne Range where possible. A literature search 
revealed that the dominant Dryas integrifolia Rock Tundra communities 
on Prospect are very similar to communities in Montana and in the 
North American arctic. 

The only significant difference measured between the soils of 
Prospect and the Maligne Range is pH; the Prospect soils have a higher 
pH. Higher summer precipitation was observed for Prospect but steep 
topography, coarse parent material and high winds combine to provide 
a xeric environment for the alpine plants. Indirect and direct 
ordinations showed that, of those environmental factors plotted, soil 
pH and moisture have the greatest correlation with stand differentia- 


tion. Snow depth and release date may also be significant but they 


could not be plotted. 
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Edaphic differences between Prospect and the Maligne Range have 
the greatest differentiating effect on the vascular flora and vegeta- 
tion through the differing edaphic optima of numerous species, espec- 
ially dominant species. The differences in dominant species so 
caused effect differences in community types and vegetation patterns. 
Higher summer precipitation on Prospect has no noticeable different- 
iating effect on the flora and vegetation. Higher winter wind speeds 
may remove and redistribute snow and reduce the number and extent of 
Snowbed and Heath Tundra communities and their associated species. 
Glacial history seems to have had the smallest effect on the vegetation 
and flora of the three factors. It accounts for the presence of 
certain disjunct, refugial species which enrich and differentiate the 


Prospect flora slightly. 
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INTRODUCTION 


Until recently the alpine flora and vegetation of the Alberta 
Rocky Mountains have been poorly known. The lists of Breitung (1957), 
Moss (1959) and Porsild (1959) form the basis of our knowledge of the 
flora, to which later additions have been made (Packer and Dumais 1972, 
Packer 1974a). Ecological studies of the alpine vegetation are even 
more recent and have been carried out, from south to north, at Waterton 
Lakes National Park (Kuchar 1973), Plateau Mountain (Bryant 1968, Bryant 
and Scheinberg 1970), Highwood Pass (Trottier 1972), Ram Mountain 
(Johnson 1975), Snow Creek (Beder 1967), Sunshine (Knapik et az. 1973), 
Bow Pass (Broad 1973), Wilcox Pass (Crack 1977), Signal Mountain 
(Hrapko 1970) and Bald Hills (Kuchar 1975). 

With the greater knowledge of the flora gained through such studies 
and more extensive collection, some unusual species distribution patterns 
were recognised. In particular some populations were found in the 
Alberta Rocky Mountains which were quite disjunct from their major 
distributional centers further north or south. The concentration of a 
number of these species in Mountain Park area of the Front Range (52, 
50' N, 117° 20' wW) suggested the possibility of their persistence here 
in a refugium during Pleistocene glaciation (Packer and Vitt 1974). 

Glacial refugia within the limits of continental ice sheets are of 
two main types, coastal refugia (Dahl 1946) which bordered on the sea 
on at least one side, and nunataks which were completely surrounded by 
ice (Fernald 1925). Using this definition the Mountain park refugium 
would be of the latter type. Evidence for the existence of such refugia 


has, in the past, been primarily biological in nature, deduced from the 
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present day distributions of plants and animals. Geological evidence, 
though sometimes in direct contradiction, has also been found to rein- 
force this biological evidence. In the case of the Kodiak Island 
refugium in Alaska, a possible refugium suggested by geological 
information was later confirmed with biological evidence (Karlstrom 
and Ball 1969). 

That organisms could exist in such a rigorous environment as 
would be expected in a nunatak situation has often been questioned. 
However, in the investigation of present day nunataks in the St. Elias 
Mountains in the Yukon, Murray (1968) has found that the severe condi- 
tions produced by the surrounding glaciers have not prevented the 
establishment of plants; one nunatak supports a total of 90 vascular 
and bryophyte species. That refugia existed and served as centers 
of survival during the Pleistocene has now been generally accepted by 
biogeographers. The considerable literature on the subject has 
recently been reviewed ‘by Ives (1974): 

Refugia have been proposed for a number of areas in North America, 
in addition to Kodiak Island including, among others, the Gilf of St. 
Lawrence (Fernald 1925, Morisset 1971), the Queen Charlotte Islands 
(Calder and Taylor 1968, Schofield 1969), southwestern Yukon (Porsild 
1966, Murray 1968) and the Mountain Park area (Packer and Vitt 1974). 

The evidence for a glacial refugium in the Mountain Park area has 
come from both biological and geological sources. Biological evidence 
is drawn from the distribution patterns of plants, crustaceans, beetles 
and butterflies. Packer and Vitt (1974) have outlined the botanical 
evidence provided by the presence of disjunct populations of a number 


of vascular and bryophyte species. Packer (1977) discussed the evidence 
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provided by the widely disjunct populations of certain crustaceans and 
beetles. Disjunct populations of two species of crustaceans, Salmasellus 
steganothrtx Bowman (Clifford and Bergstron 1976) and Polyartemtella 
hazent Murdoch (Daborn 1976), have been found at Cadomin near Mountain 
Park. Belicek (1976), has reported the occurrence of the primarily - 
arctic beetles Hippodamta ulket Crotch and Amara alpina Payk here. 

Amara alptna is also known from the Plateau Mountain and Nordegg areas. 
G. Ball (pers. comm.) has collected the arctic beetle Chryosolina 
hudsontca Brown on Prospect Mountain near Mountain Park which represents 
a major disjunction from its northern populations. Pike (1978) has 
outlined the biogeography of North American alpine butterflies and 
Mecomends tniciy Useras ingicators. of refucia. He lists three butterflies 
from Mountain Park with interesting distribution patterns. Bolaria 
tmproba, which is usually restricted to the mountains of Alaska and the 
Yukon, has a disjunct and phenotypically distinct population on Prospect 
Mountain. Bolarta eunomta ntchollae, also collected here, is rare and 
endemic to the Alberta Rockies. Oenets bore edwardst, which is fairly 
common in the southern Rocky Mountains, has two major disjunctions to 

the north, one in the Mountain Park area. 

Geological evidence, which is discussed more fully later, has come 
from the study of surficial deposits in the area (Bayrock and Reimchen 
1975) and the reconstruction of Laurentide and Cordilleran glacial 
advances (Reeves 1973, Boydell 1972, Roed 1968). The geological 
conclusion reached is that ice-free areas were available to serve as 
refugia here during both the Pre-Wisconsin and Wisconsin times. 

Prospect Mountain lies well within the boundaries of the suspected 


Mountain Park refugium. Although plant collections have been made here, 
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and the distinctive nature of the flora noted, no attempt has been made 
LO quantity this. | Ihe vexistence, of sucha well documented refugial 
area presents the opportunity to examine more closely the present 
character of both the flora and vegetation of a past refugium. Many 


questions can be raised on this subject which warrant investigation. 


1) How different are the plant communities found in refugial 
areas compared to glaciated areas, with respect to species 
composition and structure? 

2) Do the refugial species (species which survived in the refugiun 
and which are presumed mostly absent in heavily glaciated areas) 
play an important ecological role? Are they replaced in this 
role by other species in the glaciated areas? 

3) Do the refugial species form their own communities or are 
they spread Crerenote the vegetation? 

4) In what habitats are the refugial species found and are these 
related to the past nunatak environment? 

5) Has the length of time available for establishment and 
development of plant communities affected the species richness 


and diversity exhibited? 


In order to investigate these questions, a control site which has 
been heavily glaciated is required for comparison. To avoid differences 
in flora due to the introduction of new floral elements with a change 
in latitude, the comparative site should be in close proximity. A 
comparative approach has been used by Bird (1974b) who compared the 
alpine and low-elevation flora of glaciated and unglaciated areas in the 


Yukon and Northwest Territories. See (1978) used this method to study 
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the alpine macrolichen flora and communities of a glaciated and 
unglaciated area in the Yukon. 

Two ecological studies have been completed in the Maligne Range, 
Jasper National Park, at Signal Mountain (52° 40' N, 117° 59° w; 
Hrapko 1970) and Bald Hills (S27 40'-N, ay a We huchar 1975). just 
43 and 33 km away respectively. These studies of heavily glaciated 
alpine areas provide suitable material for comparison with Prospect 
Mountain. In order to evaluate the role of glacial history as a 
determining factor in the differences in vegetation and flora between 
the two areas, environmental factors which might also be factors, such 
as soils and climate, must also be compared. Pigott and Walters (1954) 
have stated that in the study of the present-day distributions of plant 


Species "4 


. the interpretation must contain both an ‘historical’ and an 
"ecological' element, and any view ignoring either is at best an 
incomplete one."' 

The plant life of two areas can be examined and compared on three 
levels - flora, plant community and coenocline. A knowledge of the 
flora can be used to calculate floristic similarity between sites. 
However, not all plants are equally abundant or ecologically important, 
therefore which species combine and in what relative amounts, to form 
the characteristic plant communities for an area is also important. 
Major differences in flora do not necessarily imply major differences 
in plant communities. The plant communities form recurrent sequences 
or coenoclines on the landscape, in relation to environmental gradients, 
which can also be compared. Comparison at any one level can yield 


valuable information, but comparison at all three is necessary for a 


complete and comprehensive understanding of the existing differences. 
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The general objectives of this study are to characterize the 


alpine vascular flora and vegetation of the suspected refugial area, 


Prospect Mountain, and to compare these features with their analogues 


in the heavily glaciated Signal Mountain and Bald Hills. More specif- 


ically the objectives are: 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


to describe qualitatively and quantitatively the alpine 
vascular flora and vegetation, soils and climate of Prospect 
Mountain; 

to classify the vegetation into its component community types; 
to determine the role of refugial species in the vegetatim; 
to compare qualitatively and quantitatively the vascular flora, 
soils and climate of Prospect Mountain, Signal Mountain and 
Bald Halts; 

to compare qualitatively and quantitatively the vegetation 
units (stands and community types) of the three areas; 

to compare the arrangement of plant communities in coenoclines 
in the three areas using transects; 

to determine the relative effects of differences in soils, 
climate and glacial history m the alpine vegetation and 


flora m Prospect Mountain. 
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STUDY AREA 
Location 


Prospect Mountain is at the eastern edge of the Front Ranges of 
the Rocky Mountains in Alberta (52° 55' N, 117° 22' W), 86 km SSW of 
Edson along Hwy. 47 and 8 km S of Cadomin almg the Grave Flats Road 
(Fig. 1). Good access to the alpine zme is gained through an 
abandoned mining road along Prospect Creek which terminates at an 
elevation of 2040 m ASL. Although easily accessible during the summer 
the area is virtually inaccessible for the other eight months of the 
year. 

The study was carried out on the eastem slopes of Prospect 
Mountain in the alpine zone, defined as the zme above the growth of 


stunted trees or krummholz with supranival leaders (Hrapko 1970). 


Physiography and Geology 


Prospect Mountain rises to a peak of 2757 m with a second peak 
of 2684 m\to the SE. Wit is joined to the adjacent, flat-topped 
Cheviot Mountain with a shallow col between them. Bare cliffs and 
steep scree slopes characterize the top 500 m. Spreading out to the 
NE from the rock face are four, near-parallel ridges, labelled R1 to 
R4, west to east for reference (Fig. 2). The two outside ridges have 
concave tops and are separated from the inner ridges by two large 
cirques connected to deep V-shaped valleys. The central ridges are 
convex and separated by a narrow steep-sided valley. 

Meltwater streams from the snowy peak run in all three valleys 


with the heaviest flow in the deeper outer valleys. The streams join 
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Fig. 2. Topographic map of Prospect Mountain. Contour interval is 
100 feet. The study area is that within the dotted line. 
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at the base of the mountain to form Prospect Creek, which in tum 
empties into the McLeod River to the east. 

The SW side of the mountain has precipitous cliffs and scree 
Slopes falling sharply to the Cardinal River Valley below. Because of 
this the study was restricted to the more gentle eastern slmes (Fig. 
2) 

Prospect Mountain is on the Nikinassin Thrust Sheet at the edge 
of the Front Ranges (Kilby 1978). The McConnell Fault, which has 
been used to divide the Front Ranges from the Foothills to the east 
(Mountjoy 1962), traverses Prospect Mountain above and to the west of 
the study area. However, Stott (1963) defines the boundary of the 
foothills as the easter base of the Frmt Ranges, indicated by the 
presence of Paleozoic sedimentary rock. The situation in this area 
is complicated by the presence of the Nikinassin Outlier, capped by 
Paleozoic Shale and) daimestone, tothe east of Prospect Mountain: 
Wherefore, for the) purposes) of this) study, Prospect Mouitain is) consid- 
ered to be in the Frmt Ranges, a position supported by earlier workers 
(Packer and Vitt 1974, See 1978). 

The bedrock geology of the area has been mapped by MacKay (1929) 
and described by later workers including Irish (1963), Mellm (1966) 
and Holter and Mellm (1972). 

The McConnell Fault separates the Paleozoic formations from the 
Lower Cretaceous Nikinassin formation beneath. These Paleozoic form- 
ations belong to the Fairholme group and are Devonian argillaceous 
limestone, calcareous shales and dolomite. Higher peaks in the area 
are topped by the massive Palliser formation but this appears to be 


absent on Prospect. 
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Plate 1. A view of Prospect Mountain from the east showing the 
main ridges covered with alpine tundra vegetation 
leading to the bare rock face and twin peaks. An 
abandoned mining road is visible to the right of the 
picture. The slow forest regeneration after the 1913 
fire can be seen in the foreground. 
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The Nikinassin formation is composed of hard grey sandstme and 
dark grey shale with quartz cement as opposed to the clay cement of 
the lower Luscar beds, and is therefore more erosion resistant (Mello 
1966). 

Most of the lower slopes are underlain by the Lower Cretaceous 
Luscar formation, separated from the older beds above it by a fault. 
The Luscar formation consists of grey sandstme and dark grey shale 
with commercial-grade coal beds in some areas. 

The lower slopes of R4 are also composed of the Lower Cretaceous 
Mountain Park formatim. This formation consists of coarse-grained, 
green sandstone and greenish-grey shales with scattered lenses of 
chert pebble conglomerate, and is difficult to distinguish from the 
Luscar formation. Within the Mountain Park formation there is a small 
outcrop of Blackstme formation, an Upper Cretaceous formation of dark 
marine shales. 

Both the Mountain Park and the Luscar formations are obscured in 
the study area by a thick layer of colluvitm derived from the Paleozoic 
rocks which form the peak of the mountain. The bedrock is visible 
aly in outcrops and it is the colluvium which forms the main soil 


parent material. 


Pe riglacial Features 


Periglacial features, produced by frost action, mass wasting, 
wind, and nivation, are particularly important m Prospect Mountain. 
Pattemed ground is more extensive here than is continuous vegetation. 
There are two main terminologies for periglacial features, based 


either o formative process (Washbum 1973) or description (Nicholsm 
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1976) However, as these workers have based their classification 
systems m predominantly arctic examples, many alpine features do not 
easily cmform to either system. Therefore the terms used to describe 
the periglacial features om Prospect are drawn from a variety of 
sources. 

Woods (1977) has studied the sensitive relationship between slope 
and patterned ground on Plateau Mountain in the southerm Alberta Rocky 
Mountains. He reports a trend, with increasing slope, from sorted nets 
and circles (x slope = 1°) to flow features (x = 7°) to stripes (x = 
2) to scree slopes (x = 26°) . This general trend is also evident 
CALE GOspe ct. 

Qn the steepest unstable scree slopes (x = 33°) plant cover is 
reduced to mats or islands of Dryas tntegrtfolta, the ''spotted tundra" 
of Bamberg and Major (1968). mn steep, but less precipitous slopes 
Os Peay "contiguous vegetation stripes'' (Nicholsm 1976), perpendic- 
ular to slope contours are common. The stripes are marked by altemate 
bands with and without vegetation. The vegetated portions are domin- 
ated by Dryas integrifolta in association with various subdominants. 
Relief is less important than vegetation in marking the stripes, 
which may be level or slightly banked. When banked they resemble the 
"miniature Dryas-banked terraces" of Benedict (1970), formed through 
the interaction of wind, frost creep and vegetation. 

On gentler slopes eS 12 ae below the vegetation stripes, are 
small solifluctim or "'turf-banked terraces'' (Benedict 1970). At the 
transition between the terraces and stripes, the stripes increase in 
relief to resemble “nasorted steps" (Washbum 1973), which grade into 


the turf-banked terraces. The latter, 0.2 - 1m high, are oriented 
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Plates 2. 


Plate 3. 
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The S-facing slope of R3 showing the extensive vegetatim 
SCripes a chessteepen siopess Gentiler slopes can’ the 
ridge are covered with cmtinuous Dryas meadow communities. 
Dark green areas are krummholz surrounded heath hollows. 
The snow covered areas also cmtain heath communities. 
(Jome” 2491976) 


Stepped terraces dominated by Arctostaphylos uva-urst 
(ct la) @ the S-facing slope of R3. (June 16, 1976) 
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obliquely at the transitim point but become parallel to slope 
contours further downslope. Plant cover is higher m the terrace 
risers than m the rocky treads and is often shrubby in nature. 

An altemative to these small solifluctio terraces occurs in 
localized areas m the south face of R3. ( this dry slope, long, 
very regular, parallel, rocky steps or terraces are situated perpend- 
icular to slope contours m the gentler slopes below the vegetatim 
Stripes. The risers, 0.5 - 1m high, are covered with Dryas tntegrt- 
folta and Arctostaphylos uva-urst and rise sharply to the barren rocky 
treads (Plate 3). These features most closely resemble the "Dryas 
stepped terraces" of Bamberg and Major (1968). 

Larger solifluction lobes,1 - 2 m high,are found in mly one 
locatim mm the mountain. Unlike the smaller solifluction terrace 
risers which support a number of community types, the larger lobe 
risers are covered with a single community type. 

"Nonsorted circles'' (Washbum 1973) or "contiguous vege tation 
equiforms'’ (Nicholsm 1976) are encountered occasionally in areas with 
dusdope..oL OVS Sb but they do not cover significant areas. Level 
Sites are more commmly covered with continuous vegetation or rock 


tundra without patteming. 


Glacial History 


Studies of the surficial geology and glacial deposits in Alberta 
and parts of Saskatchewan indicate that there was no Laurentide glacia- 
tion in central and NW Alberta prior to the Wisconsin period (Williams 
and Bayrock 1966, Bayrock 1969). Pre-Wisconsin Cordilleran glaciers 


did cover the foothills as evidenced by the presence of glacial 
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erratics at elevations above 2440 m throughout the area (Bayrock and 
Reimchen 1975). In general, during all glaciatios before Wisconsin 
times, an ice-free land corridor extended from Mmtana to the Arctic 
along the East Slope of the Rocky Mountains (Bayrock 1969). 

During the Wisconsin, Cordilleran glaciers flowed eastward along 
the main river valleys into the foothills. Rutter (1966, 1972) has 
given evidence for a series of advances in the Bow Valley which flowed 
beyond the Front Ranges, however there is no evidence of coalescence 
with the continental glaciers. Further north, in the Rocky Mountain 
House region, Laurentide ice sheets covered the area to an elevation 
of 1660 m for most of the Wisconsin (Boydell 1972). Higher mountain 
ranges in the area, such as the Brazeau and Ram, would therefore be 
nunataks exposed above the ice surface. 

The best documented coalescence of the Cordilleran and Laurentide 
ice sheets occurred in the Athabasca River Valley in the early Wiscon- 
sin or late [llinoian times (Roed 1968, 1975). Ice from the Cordill- 
eran glaciers flowed across the foothills, made contact with the 
Laurentide sheet in a zoe 8 - 30 kmwide, and then flowed SE along 
the eastem front of the foothills. Areas almg the mountain and 
foothills junctim adjacent to the Athabasca coalescence were either 
ice-free, covered with proglacial lakes, or covered with Cordilleran 
piedmont lobes (Reeves 1973). Bayrock and Reimchen (1975) have 
mapped the surficial geology of the Mountain Park area and define the 
areas unglaciated in this period by the presence of old tills and 
associated colluvial deposits on steep slopes. Such colluvial material 
is present over most of the slopes of Prospect Mountain. 


Since the coalescence of the two ice sheets in the early Wiscmsin, 
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the westem edge of the Alberta plains has been free of ice, with 

the late Wiscmsin ice front to the NE of the foothills and Front 
Ranges (Reeves 1973). Local alpine glaciers moved down the valleys 

of the Frmt Ranges but did not extend into the main valleys. Southem 
Alberta was ice-free by 15,000 BP and the mountain valleys by 10,500 

BP (Reeves 1973). 

Bayrock (1969) concludes that the cmtinuous ice-free corridor, 
along the mountains from Montana to Alaska, was open during the Kansan, 
Nebraskan and Illinoian times of the early Pleistocene. During the 
Wiscosin this clear passage was closed in a few known locations for 


indeterminant intervals. 


Soils 


Soils of the forested areas adjacent to Prospect are mainly 
Orthic Grey Luvisols in association with Orthic Dystric and Eutric 
Brunisols (Dumanski et al. 1972). Although the forest soils m the 
Slopes of Prospect itself have not been surveyed, they are probably 
very similar. 

Alpine soils of the study area have not been previously examined. 
Although the study area falls within the Regosolic soil area delineated 
by Claytm et al. (1977), a number of other soil orders are also 
found here. 

Alpine soils have recently been described for a number of sites 
in the Canadian Rocky Mountains including Watertm Lakes National Park 
(Coen and Holland 1976); Snow Creek Valley (Baptie 1968) and Stmshine 
(Knapik et ad. 1975), both in Banff National Park; Signal Mountain 


(Hrapko 1970), Bald Hills (Kuchar 1975) and Marmot Creek Basin (Beke 
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and Pawluk 1971) in Jasper National Park; and Yoho National Park 
(Coen 1978). Se ea studies are now in progress in Banff and 
Jasper National Parks encompassing alpine regions (Wells et al. 1976, 
1977); the eastern Ranges within the Parks, including areas directly 


west of Prospect, are to be surveyed in 1978 (G. Coen pers. com.). 


Climate 


Prospect Mountain is located in the Subarctic or Cold Snowy 
region (Dfc) of the Ktppen classification system (Strahler 1951). 

Powell and MaclIver (1976) have summarized the meteorological 
data available for the surrounding area for a 10-year period, however 
only general trends can be derived from this. For the Mountain Park 
area the May to September mean temperature is shown to be about 6 a 
total number of days with a mean temperature greater than -2.2 cas 
about 125 and the total precipitatim is about 450 mm. Root (1976) 
collected and presented meteorological data for the summer of 1972 in 
the vicinity of Cadanin, only 8 km from the study area, at an elevation 
of 1675 m ASL. 

The closest reporting station is the Grave Flats Lookout, 25 kn 
SE of Prospect, maintained by the Alberta Forest Service from May to 
September. At an elevation of 2074 m ASL it is situated well above 
treeline. Although built in 1924 (Ross 1974), cmtinuous meteorolog- 
ical records are not available since then. Thirty-year (1941 - 1970) 
calculated normals for the Grave Flats Lookout are presented in 


Table 1, and the data for 1976 in Table 2. 
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Thirty-year normals for summer precipitatim and mean 
temperature at Grave Flats Lookout, 1941-70 (Enviroment 
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Table 2. 1976 meteorological data for Grave Flats Lookout (Alberta 
Forest Service unpublished data). 
i Temperature (°C) Precipitatim 
Max eS oc Mili cNiax. Min. Rain mm Snow mm 
June 9 1 19 -4 45.1 LO! 
July 14 5 ZI 0 (Mie! 0 
Aug. Ts 6 18 0 ieee 0 


* prevailing direction 
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Vegetatiom and Flora 


The Rocky Mountains stretch from 60 ‘N to 32 WN and their 
associated vegetation varies over this latitudinal length. Daubenmire 
(1943) divided the Rocky Mountains into 4 latitudinal floristic 
divisions. Ogilvie (1962) later divided the Alberta Rocky Mountains 
into North and South areas at the 50 [N latitude based on floristic 
differences. Prospect Mountain is located near the boundary between 
Daubenmire's Northern and Far Northern divisions and in the Northem 
area of Ogilvie. 

Forests of the lower slopes and valleys below the study area are 
of the Subalpine Forest Region, more specifically the East Slope Rocky 
Mountain Section (SA.1) of Rowe (1972). A number of elements make 
up the forest flora but wide-ranging boreal and cordilleran species 
account for most of it. There is an increase in boreal forest elements 
over cordilleran elements with an increase in latitude in the Canadian 
Rocky Mountains (Ogilvie 1960). The dominant tree species in the 
subalpine region, Picea engelmanntt, Abtes lastocarpa and Pinus 
contorta, show very close relationships to and hybridize with their 
counterparts, Picea glauca, Abies balsamea and Pinus bankstana, of 
the boreal forest (Rowe 1972). 

The valleys and low hills surrounding Prospect are covered with 
an open forest of Pinus contorta, the result of an extensive fire in 
1913 (Ross 1974). On the lower slopes and in the subalpine zme of 
Prospect, Picea engelmannit and Abies lasiocarpa dominate. Both 
species continue into the alpine as krummholz with A. lastocarpa 


attaining the highest altitudes. Treeline ranges from about 1980 m 
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on N-facing slopes to 2100 m on S-facing slopes. At and below tree- 
line, lush subalpine heath communities are rare. 

Above treeline there is an extensive alpine zone with a flora 
composed of floristic elements quite different from those of the 
forests below. For alpine floras in general Packer (1974b) recognises 
the autochthonous element, evolved from the local low-elevation flora, 
and the allochthonous element which has come from other alpine areas. 
The number of autochthonous species depends on the type of low-elevation 
vegetation in the area, and in the heavily forested Rocky Mountains of 
Canada this element is negligible. In the northerly alpine floras the 
circumpolar arctic-alpine element is largest. Although the alpine 
endemic element decreases northward (Major and Bamberg 1968), endemic 
taxa do exist in the northern Rocky Muntains. Assuming the existence 
of a widespread late Tertiary arctic-alpine flora which has been decim- 
ated and modified by Pleistocene events (Weber 1965, Johnson and Packer 
1967), it follows that these endemics are Tertiary relics associated 
with refugial areas (Packer 1971). This is also the explanation for 
disjunct elements, some of which exhibit close relationships to 
species in central Asia. The alpine flora of Prospect, as for other 
northern mountains, is a mixture of these various elements. 

The vegetation of the lower slopes and valley bottoms above tree- 
line is dominated by shrubs, particularly Salix barrattiana, Salix 
arctica and Betula glandulosa. Many of the showy subalpine herbs 
invade the alpine here. 

Upper alpine slops are dry, and periglacial features are common. 
Dryas integrtfolta dominates these slopes and Polygonum vivtparun, 


Saltx nivalts and Androsace chamaejasme are ubiquists. Legumes are 
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also widespread. Vascular plants continue up the scree slopes almost 
to the peak at 2757 m ASL. 

Extensive vascular plant collections have been made in the area, 
but no presence lists have been published for the natural plant commun- 
ities. Russell (pers. comm.) has enumerated the vascular plant species 
growing on coal spoils in the surrounding area. The alpine macrolichens 


of Prospect Mountain have been studied and recorded by See (1978). 


Human Impact 


Although mining operations were begun in the Mountain Park area 
in 1911 there was no immediate effect on Prospect Mountain. In 1913 
a fire started at a lumbering camp associated with the mine raged out 
of control for 2 days, and was eventually put out by rain (Ross 1974). 
The fire destroyed forests on the lower slopes of Prospect and the 
surrounding area and there has been little regeneration in the 45 years 
Since then (Plate 1). 

Until the 1930's there were no roads in the area; railroad and 
horse trail provided the only access. In 1934 roads were completed 
between the nearby mining towns of Cadomin and Mountain Park (Ross 
1974). It is probable that the trail up the Prospect Creek was opened 
for coal exploration at this time. However, connections by road 
between Cadomin and the Jasper - Edmonton Highway did not occur until 
the 1940's. 

Coal mining itself has made the greatest impact on the landscape 
on Prospect Mountain. Although the records are not complete, it 
does appear that two companies held leases on Prospect: Mount Cheviot 


Coal Co. Ltd. (1931-38), and King Coal Ltd. (1942-46) (Campbell 1967). 
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Exploratory strip mining was carried out in the alpine but no commercial 
coal was produced. The last operator in the area, King Coal Ltd., 
abandoned the mine at the end of World War II with the drop in demand 
for coal. Lake (1967) suggests that in this area "improper abandonment 
of the mining operations has tended to occur in the case of small 
companies which were undercapitalized at the beginning and bankrupt at 
the end.'' This may certainly be the case on Prospect, where remnants 
of buildings and machinery are scattered in the subalpine forest. Coal 
spoils cover large areas of one alpine ridge, and wide trenches cut 
through the alpine tundra are found to an altitude of 2070 m. Reveget- 
ation at these sites has been very slow. Revegetation of coal spoils 
in the surrounding area has been studied by Russell (pers. comn.), 
including high-elevation sites. 

In recent years the greatest disturbance has resulted from trail 
bikes and four-wheel drive vehicles, entering the alpine from the old 
mining roads. Track marks from such vehicles are found in most commun- 
ities on the mountain. Due to its low stature, alpine vegetation is 
more susceptible to such disturbance than the wooded vegetation of 
lower elevations. It is also more sensitive because of the uni-layer 
nature of the vegetation, the bonding qualities of the organic-mineral 
surface horizons, and the harsh climate which retards the natural 
restoring process (Wells et al. 1977). 

Prospect Mountain lies on Reserved Crown Land which has been 
proposed as a permanent Ecological Reserve. This is particularly 


important at this time, as the use and subsequent disturbance increases 


annually. 
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METHODS 


Hiora 


Voucher collections of all vascular taxa encountered in the study 
area were made throughout the 1976 field season and deposited in the 
University of Alberta Herbarium (ALTA). Nomenclature follows Moss 
(1959), Packer (1974a) and Hulten (1968), with the exception of 
Minuartta qustromontana, and the genus Draba which follow Wolf (1977), 
and Mulligan (1976) respectively. 

As previous botanical studies had been carried out in the area, 

a number of species with disjunct distributions were known to be 
present (Packer and Vitt 1974). When these species were encountered 
special note was made of their particular habitat, local distribution 
and abundance. 

Each member of the flora was assigned to a geographic distribution 
type using the maps of Hultén (1968), Porsild (1973) and Packer (unpubl.) 
with additional distributional information gathered from Mackenzie 
(1940), Szczawinski (1962), Packer and Dumais (1972), Hitchcock and 
Cronquist (1973), Taylor (1973, 1974a, 1974b), Brayshaw (1976) and 
Milligan (1976). Similar assignments were made for the species found 
on Signal Mountain (Hrapko 1970) and Bald Hills (Kuchar 1975). 

For comparative purposes the percentage of the flora in each 
vascular plant family and each distribution type was calculated for 
the three areas. The floristic similarity between the three areas was 
calculated using Sgrensen's coefficient of community as the similarity 
index: CC(A,B) = 200c/(a + b), where ¢ is the number of species in 


common and a and b are the number of species in areas A and B respectively. 


24 


a ie 7 A ie \ a mys i ‘<i i i aS Oe ee 
m : 3a 

a uth) i "h FD ty ore wi, 

ww wT 5 Y aan : = A é 9 y ¥ : ae H . oat 

va vita Bi ae ; i! Ve Ls ane | ry by eT ae Ain, ' 7 it i ne ; :, 


1 5 ) 
AL ar \ in i A A a ren a WAT WA a oe nA 
hi / ‘1 f mT vps : ai i ut tt M 7 iy ; is e i ath 
% : a ae : yy ye io Ti), ae ue oe 


| sh me oo Lae 
| - - eae ra wee : 
sustain. att ni, bones mS 88 alu a 
ea A098 aes 
eed audio? sou pepeaeRms tase me Pe ‘ ” iiss 
to anigquaes, eit dae CRO) onsen bt covets 0m 


. (OL) Low wale wok ots, ida a 


pears oft, ab toa bedi betaeio: 2 eine of 
th Ov erecta, a ethOak ZOMG Te docsrtinh, Amt malig y 

hose income aha ace Shug Bey hae Gk 12% a in shar st re 
ache rnties ath Lace jeaabelnnl qiibkie ka teny niall lhe conse ie a 
iit Nal 

motgunikcrabh cle 5 03 Leagheen., anit sith anit te sasaoione 

( Seumaoh) rotast Aas (ETO bienet , (OeRE), at at we aga sh ae 
atcrmnicu mat paredsay mkonaro lik Langs wd trek: tnemiacihbs Arka i 
“ick ADosrtoa Ah (STOK) eis omy matoatt «(SORL)) Sem ME PPR ss a 
hove (OVCL) wrarterygintt kanrer VehTee £8@z) role (ERC aire |) a" a | 
banat eodaaye, pas. xh sham, on HRN a ed 


7 
DO iTh 7 
a“ ras | ip: 
if hee. 
b 


pepienaige 
aaa i ; 
“pr ie 


poy Peay eine “ 


7 | AS 
red 
a 


Vegetation 


Community Sampling 
The vegetation was sampled quantitatively using small quadrats 
placed randomly within uniform stands, providing data suitable for both 
the classification and ordination of communities (Mueller-Dombois and 
Ellenberg 1974). As the data collected here were to be compared to 
those from two previous alpine studies (Hrapko 1970, Kuchar 1975), the 
sampling scheme was as similar as possible to that of these workers. 
After a period of reconnaissance and familiarization with the flora 
and vegetation, tentative community types were delineated. These 
community types, representing recurring plant assemblages, were required 
to cover a large enough area to be significant, either at a single site 
or at a series of smaller sites. Transitions between communities were 
recognized on the landscape and avoided when sampling. Representative 
stands were chosen for sampling which satisfied the following criteria: 
1) relatively homogeneous species composition; 
2) uniform physical environment; 
3) no patches of another community >1l m? within stand; 
4) minimal human disturbance - vehicular tracks did not 
cause rejection of a stand unless these covered a 
Significant area or were causing obvious vegetational 
changes. 
Sometimes more than one stand was sampled per community type. This was 
either intentional, where stands were small because of community size, 
or unintentional, resulting from the sampling of seemingly distinct 


areas which later proved similar on closer scrutiny. 
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Stands were normally 10 X 20 m (0.02 ha) and centrally located 
in the community, with the lmger axis paralleling the slope contours. 
This size was large enough to include most species in the comunity, 
but small enough, in most cases, to fit within the community boundaries. 
This stand size has been used successfully by Kuchar (1975). Where 
communities had smaller dimensions than this, the stand size and the 
numer of quadrats were halved, and where possible, a replicate stand 
was sampled. 

intr pyauadratse25ex 25.cm were Set Out in cach stand. vstudies by 
Eddleman et al. (1964) in the alpine have shown that quadrat size is 
more important than shape. The 6.25 dm? area of the quadrats in this 
study falls well within the 4 to 12 dm? size range considered suitable 
for tundra vegetation by Eddleman. This quadrat size and shape was 
used by Hrapko on Signal Mountain (1970), and by Kuchar on Bald Hills 
(19:75) % 

Stands were sampled when it appeared that the greatest number 
of species was in bloom. For each stand the general topography, aspect, 
Slope and altitude were recorded. A species list was made for the 
stand and the surrounding commmity. A random numbers table was used 
to place the 30 quadrats. Within each quadrat, visual cover estimates 
were made for the total cover of vascular plants, bryophytes, lichens 
and bare ground, and for each individual vascular species. The scale 
used was a modification of the Braun-Blanquet Cover-Abundance scale 
(1932). The midpoint of each class was used later in the calculation 


of mean cover values. 


rues gee ae bin 6 3 vali 


eto ara) sett ry 
arty tan opia frmqe nal ae “el 
bit senbiaiah 6 ae enn ba ea iw 


og ‘ 


ve esibot2 .tmave (one nt tuo fea otew a of i as aso igrettr 

et ate verbaup s0dt «oo gs a i | 
air tk dterdeup ot to dam “aly or eer «opt suse ssi gst eet 7 ay 

at de tive Rion ny ee ee aba bw tiww ane youre ven 

sow otnitey bite Hie ete Sa chanelle ag soriuciaier erbrs Wah am 

att zl Wiad a varbod 4d See ,COreO acintad inka Sep? bier evel 

| an ere) yA | 

rae Sestedig sds sed boteqae si pre coven bint i nat 

tyeqen uplqgnxgoqad, Jaronsy, Sety Qian Hoes +07 smoot int com antares 3p Ta : 

| art 2g bam caw tedl asksage AS Sebrioddt ‘rene sbuialesi noe oop - 

boeu dar ef dad etiednun mobtas A og Homan grtsnresiil itt Siete bivd® ie 

eatohited teva Lauel¥ (rerheny ii ‘ntiiei, sutetfidap 0 ot nly of “ll 

arvniln £f reais tt ait te evan betas oat tot abort Wt a 
natn - Sea \ ie 

| . a? i : | 


cal ry 
: . 


@ 


ey 
ian i- 


\ | ; p 7 a * i oT a 
ever 1): | ; 7 " ie ay | ny 
eM er | i a Pak 


Cover Class Range Midpoint 
6 709) 100 %% 88.0 
5 5 75% 0520 
4 26: - 401% Son0 
3 LO NZS 20.0 
Z Greet Pons 100 
1 h- 51% ZSS 
a = ae 5 


The lower cover classes have narrower ranges than the higher cover 
Classes which is particularly suitable for alpine studies where most 
of the species have a very low cover. However, in the few cases where 
species do have a cover which approaches 100%, their cover values are 


underestimated with this scale. 


Transect Studies 


Two transects were sampled during the study: 1) over a series of 
Dryas-dominated stripe communities, 2) across a snow melt gradient. 

The first transect ran almost N - S but cut obliquely across a 
Semies) Ol VOcK stripes ana terraces on a SLEep Slope. "Sixty 25x25 1cn 
quadrats were placed over the 90 m length, 1 every 1.5m. Cover 
estimates were made as described for the community sampling. Slope was 
measured in every quadrat and altitude every 20 quadrats. 

In the second transect a 49 m line was run from a meadow in an area 
of late snow release, through heath communities and finally into rock 
Stripes. Quadrats were placed adjacent to this line at 0.5 m intervals 


for a total of 98 quadrats. Plant cover was estimated in each quadrat 
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as described for the community sampling. Slope was also measured in 


each quadrat. 


Vegetation Synthesis 


The sampling data were organized into species-stand tables. For 
each species a Prominence Value was calculated using the formula 
PV = C% VF% where F = quadrat frequency and C = mean cover (Stringer and 
La Roi 1970). Using PV's a similarity matrix was constructed for the 
31 stands. For comparative purposes, a similarity matrix was also 
constructed for all 73 Prospect, Signal and Bald Hills stands. The index 
of similarity (IS) used was the quantitative modification of Sgrensen's 
coefficient of community (Sgrensen 1948) as first presented by Motyka 
et al. (1950); ZS(A,B) = 200w / (a + b) where a is the sum of the PV's 
Oimald species invsStandsn,*beis the sum ot the PW’s of all species in 
stand B, and w is the sum of the lesser PV's for the species common to 
both stands. Thais indéxvis expressed as a percentage and is also 


reterred tovasiPercenttsimilarity (PS) 


Clustering Methods 


Cluster methods of analysis are commonly used to form groups based 
on some similarity criterion. However, grouping often results in some 
loss of information. Ward (1963) proposed a method of cluster analysis 
which minimizes the loss of information associated with grouping and 
expresses it in a form which can be interpreted. His method, which 
results in minimum-variance spherical clusters, was used in this study. 

A distance matrix was calculated for the stands to be clustered 


using the squared Euclidean distance between the stands. Sneath and 
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Sokal (1973) define the Euclidean distance between items j and k in an 
n-dimensional space as 


n 
d=(2 I ee MN 
CEO Xyy - Xy) 


For each stand the » characters to be compared were the PV's of the 
species present. The PV's assigned to each species were coded to 


facilitate computer analysis using the following scale: 


PY Coded Value 
Ogee 1 
dete Ke) Z 
LOt=e 30 3 
SUR e OU 4 
OU =a 120) 5 
1203-0240 6 
240 - 480 7 
480 - 960 8 


Although when quantitative values are used the squared Euclidean 
distance (d?) places greater emphasis on the species with high PV's, 
the dominants, the use of coded values may reduce or counteract this 
trend. Distance matrices were also calculated using binary (presence- 
-absence) data for a possible m species in each stand. 

Wishart (1969) outlined the transformation which derives Ward's 
method from the distance matrix. For each cluster the sum of the 
deviation of the points about the group mean is an indication of the 


group's homogeneity. The error sum of squares 
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is a measure of this deviation (Ward 1963). At each step in the fusion 
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hierarchy the union of each pair of clusters is considered and the fusion 
performed which results in the minimum increase in the ESS. After each 
fusion a new distance matrix is calculated using the new groups fomed. 
This method is of the SAHN type of Sneath and Sokal (1973), i.e. 
sequential, agglomerative, hierarchic and non-overlapping. 

Ward's method of cluster analysis was performed on the stands from 
Prospect mountain alone, using the Clustan 1C program (Wishart 1975) on 
the University of Alberta Amdahl 470 computer. The data collected on 
Signal Mountain and the Bald Hills were prepared in the same manner and 
clustered with the Prospect stands in other runs. Results were plotted 
as dendrograms using as the vertical scale a coefficient which is twice 


the increase in ESS caused by fusion at that level. 


Indirect Ordination 


To investigate the physical factors which might be significant in 
controlling the distribution of the vegetation, the Bray-Curtis method 
(Bray and Curtis 1957) of indirect ordination was employed. The method 
is particularly suitable where environmental gradients are unclear. 

Similarity matrices were generated using PS (see above) and 
Sérensen's coefficient of community (CC) (Sgrensen 1948). CC(A,B) = 
200e/ (a + b) where a and b are the total number of species in stands A 
and B, respectively, and ¢ is the number of species common to both. 
End-stands for the x-axis were chosen from these matrices using the 
criteria of (1) great dissimilarity between the two stands and (2) 
minimum of zero similarity values with other stands. These criteria 
allowed a number of end-stands to be examined in each case. The y-axis 


was constructed as outlined in Mueller-Dombois and Ellenberg (1974). 
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Stands were located in two-dimensional space according to their 
dissimilarity with the end-stands. CC provided the best stand separation, 
so this similarity index was used in the final ordinations. 

All calculations were carried out on the Amdahl 470 computer using 
the Gornell ‘Ecoloey Programs, CEP.4 ;(Bray .- Curtis, Ordination) .and CEP 5 
(Resemblance or Distance Matrix) (Gauch 1973). 

Indirect ordinations were performed on the Prospect data alone, 


and on the combined Prospect, Signal and Bald Hills data. 


Direct Ordination 


With a high degree of fleristic heterogeneity, such as’ is’ present 
among the three major study areas (see page 126), there is an increase 
in the distortion of inter-stand distances in indirect ordination 
(Gauch and Whittaker 1972). Where there are obvious environmental 
gradients, however, in this heterogeneous vegetation, direct ordination 
methods can be used to good advantage. For the three study areas soil 
pH and soil moisture gradients appeared most closely associated with 
vegetation patterning in the field and on the indirect ordinations. 
Therefore the distribution of the stands along these two edaphic 
gradients was examined. 

Field measurements of surface soil pH were used, where possible, to 
place the stands along a pH gradient, the y-axis. Since some Bald Hills 
stands lacked pH data they were omitted from this ordination. The x-axis, 
the moisture gradient, was developed using the methods of Whittaker (1973) 
and Lee (1976). Stands were assigned a tentative moisture index from 1 
to,,5,-from xeric to»hydric., By, averaging. the moisture )indices,.of the 


stands in which a species was present, a moisture index was 
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computed for each species. Rare species were, of necessity, indexed 
subjectively. Information on the ecology of the species was also 
considered and the indices adjusted if necessary. The resulting indices 
were compared to those calculated by Lee (1976) for the same species. 
The final list of species moisture indices is found in Appendix III. 

An unweighted (UMI) and weighted moisture index (WM1) were 


calculated for each stand. The UMI was calculated using the formula 


n 

UMI = ¥ MI ./n where MI. is the Mi for each species and 7 is the total 
t=] 

number of species in the stand. The WMI is defined as 


n n 

WUT ei. MT eX SVs iy ai (bo 
_ z Z ri 
(eo C=. 

Prominence Value and » is the number of species in the stand. 


PY .) the MI of each species, PY, is its 


Classification of Vegetation 


The stands sampled on Prospect Mountain were organized into 
"community types" (ct's), i.e. recurring plant assemblages with similar 
composition, physiognomy and habitat, using the matrix of similarity 
indices (IS), cluster dendrograms, and field observations. Highly 
Similar stands were combined to form a single ct. The ct's were giVen 
binomial names using the species with the highest PV followed by the 
species with the next highest PV or the greatest diagnostic value. 
Stands which varied distinctly but not radically in composition or 
structure from a particular ct were designated as ''subtypes" (st's). 

Community types were organized into larger Groups, and in some 
cases, Subgroups, by combining ct's which were similar in total plant 
cover, dominant species, major growth-forms, and habitat. Cluster 


analysis, field observations and IS values were also taken into 
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consideration when forming the higher levels of the classification. 


Thus the final hierarchy is: Group - Subgroup - Type - Subtype. 
Soils 


Soil Sampling 

A soil pit was dug in each of the stands. The profiles were exposed 
until bedrock was reached or the soil became too rocky for further 
excavation. The horizons were recorded and their thickness measured. 
Notes were taken on the quantity and depth of rooting. Each profile 
was Classified according to the Canadian System of Soil Classification 
(Canadian Soil Survey Committee 1978). 

Bulk soil samples were taken from each horizon, dried as soon as 
possible, and stored in paper bags. The dried soil was screened through 
a 2 mm sieve, and the coarse fraction so removed was weighed and 
expressed as a percentage of the whole soil. Further physical and 


chemical analyses were done on the <2 mm fraction. 


SOLE Analysis 


Physical analyses performed on the <2 mm fraction in the 
laboratory were: 
1) moist colour determination, under daylight, using the Munsell 
colour chart (Munsell 1954); 
2) pH, measured with a glass electrode pH meter, using the soil- 
-water paste method (Richards 1954); 
3) mechanical analysis, using the hydrometer method (Bouyoucos 


1962, Vay 1905): 
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4) water retention of the soil at 1/3 and 15 bar tension on 
ceramic plate extractors, expressed as % oven dry weight at 
105 °C and recalculated on a whole soil basis (Richards 1965). 

The following chemical analyses were carried out on the <2 mm 

fraction: 

1) presence of carbonates, detected with 1N HCl; 

2) exchangeable ammonium (NH, ) and nitrate (NO.), determined by 
the steam distillation method (Bremner 1965); 

3) exchangeable potassium, measured on an atomic absorption 
spectrophotometer using an ammonium acetate extraction 
(McKeague 1976, Chapman 1965); 

4) available phosphorus, determined by the Agricultural Soil and 
Feed Testing Laboratory of Alberta Agriculture, using the 
modified Bray method where H,SO is used rather than HCl 


4 
(Dickman and Bray 1940). 


Meteorological Observations 


A meteorological station was established on an exposed ridge at an 
altitude of 2088 m ASL. An aluminum, louvered instrument shelter, 
secured by cables, housed a Belfort recording hygrothermograph at 
ground level. The hygrothermograph was calibrated every two days using 
a Taylor sling psychrometer. A Taylor sixes type maximum - minimum 
thermometer was shielded and mounted outside the shelter at a height 
OFe Se cm. 

Precipitation was measured with a Taylor Clear-Vu rain guage at 
60 cm and three calibrated metal cans at ground level. Values for the 


four gauges were averaged. 
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A Belfort 3-cup totalizing anemometer, situated 70 cm above 
ground, was used to measure average wind speed. Each time the station 
was visited the average wind speed over a 10 min. period was also 
measured. 

Readings were usually taken from the instruments every 1 - 3 
days, at the same time, 10:30 to 11:30 AM, during the period Jume 9 
to August 31, 1976. Hygrothermograph charts were changed monthly. 
Since vapour pressure deficit (VPD) is more closely related to moisture 
loss from an organism than is relative humidity (Williams and Brochu 
1969) the relative humidity data, adjusted for altitude, were read from 
the hygrothermograph charts at 6 hr intervals and converted to VPD 


using the tables of Williams and Leger (1967). 
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RESULTS 
A. PROSPECT MOUNTAIN 


Flora 


The alpine vascular flora of Prospect Mountain consists of 191 
species within 34 families. A complete species list is found in 
Appendix I. Compositae is the largest family with 26 species, followed 
by Cruciferae (16 species), Gramineae (16), Cyperaceae (15), Saxifragaceae 
(12) and Leguminosae (11). 

Genera which are particularly species-rich include Carex, Draba, 
Saxtfraga, Poa, Potenttlla, Saltx, Ertgeron and Arnica. Species-poor 
genera that are ecologically important include Dryas, Oxytropis, 

Hedysarum, Pedicularts and Polygonun. 

Both Dryas tntegrtfolta and D. octopetala are found in the study 
area and hybrids between the two are common. The hybrids usually 
resemble Dryas integrtfolia more closely and were assigned to that taxon 
for purposes of analysis. Phyllodoce intermedia, the hybrid between 
Phyllodoce glandultflora and P. empetriformis, was found in a small 
clump at a single site although P. empetriformis was not in the inmediate 
vicinity. This hybrid is not important ecologically. 

The species with the highest presence values are Androsace chamaejasme 
(stand presence = 100%); Dryas integrifolia, Polygonum viviparum (90%); 

Poa alpina, Saltx arctica, Silene acaulis (81%); Anemone parviflora (78%); 
Hedysarun alpinum, Potentilla diversifolta (74%); Salix nivalis, Pedicularis 


capttata and Soltdago multtradtata (71%). 
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Phy togeography 

The alpine flora of Prospect Mountain is divided into 9 main geographic 
distribution types. Species which exhibit distributional characteristics 
of more than one type are assigned to that type which best fits the major 
Part ot 1s trenge Pe the annotated species sl istvinAppendyx sl iieeives the 


distributional type for each species. 


Aretic-Alpine Species 


Arctic-alpine species are those restricted to the northern and/or 
mountainous regions. They occur mainly in, but are not necessarily 
restricted to, the arctic or ,alpine habitat; thus they may live in sub- 
arctic and mountain forest areas as well. Two types have been recognized 


for the arctic-alpine ‘species. 


(1) North American Arctic-Alpine (14% of flora) 

Mese Species sareurestrieted tO the arctic and alpine repions of 
North America. Erigeron composttus 1S an example of this type (Fig. 3). 
Five species assigned to this type, Astragalus abortginun, Anemone 
parvtflora, Pedtcularts lanata, Ertgeron humtlis and Parnassta kotzebuet, 
are also found in the easternmost islands and mainland areas of Asia, 


but do not occupy a Significant area there. 


(2) Circumpolar Arctic-Alpine (25% of flora) 

Species of this type, which comprises the largest element of the 
Prospect flora, are found in the arctic and alpine throughout the northern 
hemisphere. This distribution may be continuous or not. An example of 
these circumpolar species is Saxifraga opposittfolia (Fig. 4). A number 


of species in both of these arctic-alpine types have disjunct populations 
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Fig. 3. Distribution of Erigeron compositus (Hulten 1968). 


Fig. 4. Distribution of Saxtfraga oppostttfolia (Hultén 1968). 
Fig. 5. North American distribution of Saxtfraga cernua (Hultén 1968). 
Fig. 6. Distribution of Campanula lastocarpa (Hultén 1968). 
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in the Great Lakes and/or Gulf of St. Lawrence areas. This disjunct 

distribution pattern (e.g., Saxifraga cernua Fig. 5) has long been known 
and studied (Fernald 1925, Scoggan 1950, Morisett 1971). A large number 
of Prospect species fall into one or both of these two categories and are 
listed in Tables 3 and 4, where the general distribution pattern of each 


species is added parenthetically. 


Amphi-Beringian Species 

(3) Amphi-Beringian (6% of flora) 

The Amphi-Beringian type includes species found on both sides of 
the Bering Strait. They exhibit three main distribution patterns, but 
there are few members in each. The first is comprised of low-elevation 
and/or widespread North American species which reach only eastern Asia. 
The second type consists of widespread or northerly Cordilleran species 
which reach East Asia but no further; Campanula lastocarpa (Fig. 6) 

Nas thas typesOtedistribution. [he thirdsgroup,;)tvpitiediby Salix 
alaxensts (Fige 7,7 ineludes arctic-alpine™species restricted to westerm 
North America and eastern Asia, and generally absent from eastern North 


America and Eurasia. 


North American Cordilleran Species 
These species are mainly restricted to the western Cordillera and 
adjacent lowlands in North America. There may be minor disjunctions to 


the east. 


(4) Widespread Cordilleran (13% of flora) 
Species of this type, such as Abies lastocarpa (Fig. 8), cover 


large areas of the Cordillera, usually from Alaska to California or Utah. 
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Table <3. 


Table 4. 


Arctic and alpine species with Great Lakes disjunction and 


present in the flora of Prospect Mountain. 


Calamagrostts purpurascens (4)* 
Phleum alptnun (2) 

Boa alpina. (2) 

Cerasttum beertngtanum (2) 
Eptlobtum hornemanit (2) 
Anemone parvtflora (1) 


Festuca brachyphylla (2) 


x 


Draba crasstfolta (1) 
Minuartta rubella (2) 
Saxtfraga cernua (2) 
Astragalus alptnus (2) 
Draba aurea (2) 

Dryas integrtfolta (1) 


geographic distribution type; see pages 37 - 44, 


Arcti¢e and alpine species with Gulf of St. Lawrence disjunction 


and present in the flora of Prospect Mountain. 


Lesquerella aretteca (1)* 
Braya purpurescens (2) 
Anemone parvtflora (1) 
Potentilla nivea (2) 
Hedysarum mackenztt (2) 
Astragalus aborigtnum (1) 
Arctostaphylos rubra (2) 
Genttanella proptnqua (1) 
Campanula untflora (1) 
Pedicularis flammea (1) 
Erigeron composttus (1) 


Taraxacum ceratophorum (2) 


* 


Calamagrostts purpurascens (4) 
Phleum alptnum (2) 

Poa alptna (2) 

Luzula spteata (2) 

Carex nardina (1) 

Kobresta simpltciuscula (2) 
Polygonum vivtparum (2) 
Oxyrta digyna (2) 
Minuartta rubella (2) 
Saxtfraga cernua (2) 
Saxtfraga oppostttfolia (2) 


Parnassta kotzebuet (1) 


geographic distribution type; see pages 37 - 44. 
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Fig. 7 sDistripgtion GL calce altareneze (Hulten 1968; Porsild, 1975):; 
Fig. 8. Distribution of Abies lastocarpa (Hulten 1968). Fig. 9. 


Distribution of Salix barratttana (Hultén 1968). 


of Aquilegia flavescens. 


Fig. 10. Distribution 
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(5) Northern Cordilleran (5% of flora) 

The center of distribution for these Cordilleran species is in the 
north, but they do not occur on the Asian side of the Bering Strait. 
They generally reach their southern limits in British Columbia or Alberta, 
although there may be disjunct populations further south. Saltx 


barratttana (Fig. 9) is an example of this type. 


(6) Southern Cordilleran (7% of flora) 

species of this type are centered in the southern areas of ‘the 
Cordillera, e.g. Aqutlegta flavescens (Fig. 10). Northern limits are 
usually southern Alberta or British Columbia, but there may be disjunctions 


further north. 


Restricted Rocky Mountain Species 


(7) Restricted Rocky Mountain (4% of flora) 

These species are found in localised areas of the Rocky Mountains 
and adjacent lowlands and could be considered Rocky Mountain endemics. 
They may occur in only a few sites, e.g. Erigeron radicatus (Fig. 11), 
or may be common throughout their range but restricted latitudinally, 


e.g. Saussurea densa (Fig. 12). 


Low-elevation Species 

The alpine flora of Prospect Mountain also contains species which 
are primarily of low-elevation habitats, but that extend high into the 
mountains. These are usually boreal, but some grassland species are 


also included. There are two major types. 


(8) North American Low-elevation (13% of flora) 


These are mainly lower-elevation species, such as Ledwn groenlandicum 
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Fig. 11. Distribution of Frigeron radicatus (Packer unpubl.). 
Fig. 12. Distribution of Saussurea densa (Packer unpubl.). Fig. 13. 
Distribution of Ledwn groenlandicum (Hulten 1968, Packer unpubl.). 
Fig. 14. Distributim of Cystopteris fragilis (Hultén 1968). 
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(Fig. 13), which may be widespread in North America or in the western 


part of the continent only. 


(OjaCarcunboreal 44 0f-tlora ) 
The circumboreal species are widespread throughout the arctic and 
boreal regions of the northern hemisphere, and may enter some temperate 


ReCLONSHaS Well, (@-GemCystopLcris jragiite (Pig. 14)". 


Disjunct Species 


Twenty-two species have populations on Prospect Mountain which are 


notably disjunct from their main centers of distribution (Table 5). They 


are of particular phytogeographical interest and are therefore examined 
further. 

These species display varying degrees of disjunction. Some are 
very sporadic or disjunct throughout all or part of their range. 
Androsace chamaejasme (Fig. 15), Ertgeron radtcatus and Carex franklintit 
occur discontinuously throughout most of their ranges. £. radtcatus is 
rare, known from only 5 sites, but the others are of more common, albeit 
scattered, occurrence. Some species have continuous arctic, but 
scattered alpine distributions, e.g., Campanula uniflora (Fig. 16), 
Pyrola grandtflora, Papaver kluanensts and Kobresta stmpltctuscula. 

Of greater phytogeographical significance, though, are those species 
which exhibit major disjunctions at a single site or localized collection 
of sites. Smelowskia calyetna, Rumex alpestrts and Arnica loutseana 
have bimodal distributions with one center in the North American or 
Asian arctic and another in or slightly south of the Alberta Rocky 
Mountains. For Smelowskia (Fig. 17) the major area of distribution is 


southern, continuous to Waterton, Alberta, and then sporadic north to 
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Table 5. Species with disjunct occurrences in the flora of Prospect 
Mountain. Each species is followed by its moisture index 
and the community types in which it is present. 


Corer rani, Veo aa 6 

Kobresta simplictuseula 2.0: 7 

Papaver \Kliuanenses “Y.0' : /- 

Puvola, Grandi i roram 2.00: i 7 

Pudvosace Chandegacsniemmcas & 1a2,5,4,5705).,659,10,1 12515594 ,15,10 
Camponuta=untflora: Web 201, 4,14 

Eritgeron radicatus 1.0 : 1,4,14 

COVER MESAHOLO Mees es 15), FLA 

Cavey peryrcosa, ii i5y": 6 

bat tiene Lavensis 35.022 ,5, 14 

BAT tONTCLLCU LALA 4OT be: (oe 

Rumex alpestris 4.0: - 

Braya purpurescens 1.0 : 6 

Draba macounit 1.0: 6 

Lesquerella arctica 1.0: 1 

SnelLomekta ealyetnaa. 2.0): 16255,4,758,14,16 
fe Lesouraejamest.. (v0) t 4 

Onviroprs gordaltuys. 5.0%: 14 

Pediculartsays lanmeanw 330 40544,7,14 
Antennarta monocephala 2.0: 11 

Ariica alpinagsspe atcenuata 5.0): 7,9,10,16 


Arnica loutseana eA), 24 
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Fig. 15. Distribution of Androsace chamaejasme (Hultén 1968). 
Fig. 16. North American and Alberta distribution of Campanula untflora 
(Hultén 1968, Packer unpubl.). Fig. 17. North American distribution 
of Smelowskta calyctna (Greene 1974, Packer and Vitt 1974). Fig. 18. 
North American and Alberta distribution of Arnica loutseana (Hulten 
1968, Packer unpubl.). 
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Prospect. Rumex and Arnica (Fig. 18), however, have their main 
distribution center in the north, and although they are not uncommon in 
Alberta, these southern populations are widely disjunct from the more 
NUMEYOUS saYCtiCc. ones. 

Telesontx jamesitt (Fig. 19) has a distribution centered in the 
southern Rocky Mountains but has two areas of disjunction in the Alberta 
Rockies, one in the Prospect - Miette Range area (Packer 1974a). 

The largest group consists of species which are primarily arctic 
with one to a few disjunct populations in the Alberta Rocky Mountains. 
Pedtcularts flammea (Fig. 20) has a predominantly eastern arctic distri- 
bution, with isolated sites in Alberta. Others, such as Oxytropts 
jordalit (Fig. 21), Carex petricosa, Saltx alaxensts and Draba macounit 
have their major center of continuous distribution in the western arctic, 
with at least one disjunct population in the Prospect area, and some- 
times others. Braya purpurescens (Fig. 22), Carex mtsandra, Lesquerella 
arctica, Saltx reticulata and Arnica alptna ssp. attenuata are widespread 
in the Canadian arctic with alpine disjunctions to the south, including 
Prospect. Mountain. 

Distributional disjunctions may result from habitat disjunction 
and/or historical factors. Therefore the possibility of specialized 
environmental requirements for these species must be studied. The 
disjunct species on Prospect were found in a number of habitats, from 
windswept rocky peaks for Papaver kluanensis and dry rocky ledges for 
Telesontx jamesit, to lush moist meadows where Saltx alaxensts and 
Oxytropts jordalit are common. The variety of habitats is shown in 
Table 5 which gives the moisture index (M) assigned to each species 


as well as lists the community types (ct's) in which they were found 
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(Packer and Vitt 1974). 


tx jamestt 


Fig. 20. North American and Alberta distribution of Pedtcu 


flanmea (Packer and Vitt 1974, 


Fig. 19. Distribution of Teleson 
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22. North American 


Packer unpubl.). 


Fig 


jordalit (Elisens 1978) 
distribution of Braya purpurescens (Packer and Vitt 1974) 
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(for an explanation of MI see page 31; for ct desriptions see page 60). 

Androsace chanmaejasme is a ubiquist, present in all ct's. 
Smelowskia ealyetna is also widespread. Rumex alpestrts and Papaver 
kluanensts were collected on the mountain but were not sampled in any 
recognised ct. The rest of the disjunct species were found in one to 
a few ct's. Of the numerous ct's in which disjiuncts are found, ct's 
1 and 14 are most common. Ct 1 is the dry, species-poor Dryas 
integrifolia - Carex rupestrts rock stripe community, and ct 14 the 
mesic Dryas integrtfolta - Hedysarum alptnwn meadow community. 

The species MI's range from 1 to 4 (xeric to mesic), although 
the xeric end is more common, especially with the rarer, more widely 
disjimeb arctic species. 

The disjunct species occur over a fairly wide range of pH's as 
well. Antennarta monocephala, Kobresta stmpltctuscula and Saltx 
rettculata are found in neutral to slightly acidic soil, while 
Erigeron radicatus, Lesquerella arctica, Telesontx jamesit and 
Campanula untflora are present on basic, highly calcareous soils. 
Androsace chamaejasme tolerates the entire spectrum of pH available 


(i ey5 6 to. 8.1). 


Vegetation 


Cluster Analysis 


Cluster analysis dendrograms may be examined at any level using 
two approaches, i.e. at a specified level of significance for the 
coefficient, or the level at which a specified number of clusters are 
formed. The latter approach was utilized in this study as the coeffic- 


ient ranges for the hierarchy based on presence-absence data (qualitative), 


7 f he _ : 
a ail ' 
wor 5 ar isis ie es W ‘ 
ae i 


 ) et ; aly 
wey } 


nel Warten ‘on mtu ie 


sofa " cat te 2 se 


: -fOnES atom 8a Fh 


fs 


AAT aie serve . 

, eatger semiath wt 
eri 
: Leas cient aa 

(¥ at 
ie ae eee nts. gatas vs ow 
- 


; i «ore saisnbie : 
f hs ais pues 


ic i" te-velo? Wray clon pcan wisi - 
is 
ee a3 


a ° 5 v 7 


: 1 7 ee 


: | ait Lat mi) au 
om — a ut 
| iolaiee 
fe hacia ed oF Vee saves iy anda a3 OL 
; 7100 ; amg: - 
4 cite q af boidtsan - fied & - naan 
bi ten —. 
cy cre aia bond 8 koe 7 Dal | pporneoabe Ay Ley p 
(ary arid ra ‘ete: iu : ont =f 
= 5 _ js8 _ 
- 
! J Lo ty woo Sta) ary ts, ~~ oe 


yo 


fi 
he 


50 


and that based on PV's (quantitative) are not of the same magnitude. 

The coefficients for the quantitative cluster levels were higher, 
indicating greater dissimilarity in species structure as compared to 
species composition for the various stands. Therefore both the quantita- 
tive and qualitative cluster hierarchies were analysed at the 8-cluster 
jevel sae coetricientss §169).and70. 171 ‘respectively (Fig. 25, Fie 24). 

The qualitative cluster dendrogram proved less useful in the 
classification of the vegetation than the quantitative one, as the 
prominent species, which are most important in community classification, 
are weighted in the quantitative analysis. The qualitative cluster 
dendrogram, however, does illustrate compositional similarities very 
well. ‘Standsi2Z-and 25 7are: quiteidistinct floristically,| remaining 
Unelustered evenpatl thesssclusterplevel. “Fhese Z stands possess the 
highest species richness recorded. Other compositionally distinct 
stands, i.e. those unclustered at low coefficient levels, are 5, 19, 27 
and 28. Stands 1-4, 10 and 17 cluster early to form a group with 
homogeneous composition. 

The qualitatively based cluster analysis can be used in conjunction 
with the quantitatively based one to identify groups of stands, similar 
in both species composition and species structure, to provide a basis 
for classification. The quantitatively based dendrogram contains 2 
primary clusters, Dryas integrifolta-dominated stands on the left, and 
the remainder on the right (Fig. 24). The latter cluster consists of 
5 well-separated secondary clusters at the 8-cluster level, including 
stands dominated by Phyllodoce glanduliflora (12, 15), Casstope 
tetragona (13, 14, 23), Salix aretica (30, 31), Saltx barrattiana (16, 


25), and the lush herb meadows (27,28). These divisions are not 


7 <7 > 
ee 


dlevef’ satin if ver berean 


pe cy ob a 


% 


i 


si 


‘ 20) ie de er ot 


- 


ar 
a 


_ 
a, 
“9 


, 
= 
ia 7 


ot nok 
ae 
opaw'? tdsealt oni 
et | ri, ) tag ioest sata an 
Dover in itl rodents oy ti 7 iurp ott 
aS viet (RTE ev only . 
tote (iti 3 a 
ersten afr atitgcow 
144 wel am ' 
ak Sabra” 
if 73 teas si Sr 


Utoset aepory eles. 420 Ags 


rc 


7 
ein Be seca al a eee 


Con Gt (WE etme 8S Bem 
| ts ae 


Oo.) AO AA ZORRO 


tar tod QuID bere stat ; 
‘at 


de isSty 


a ? x ly i , 


d visvisw@iamy ed? lg 
7 
iesailiah- tS (ee yQeere sy Cos abl Ps 


7 . 
, oer. er 
shi T ) es et) 4 ed at ore rabbit 


ee 

| > =p t i aoeeen | re : 

8 estima ie oun octerrany ait 
7 


0.589 


0.534 


0.478 


0.310 


0.086 


BIO. Zo. 


Qualitatively based cluster dendrogram with 


8-cluster level marked. 
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Fig. 24. Quantitatively based cluster dendrogram with 


8-cluster level marked, 
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clear in the qualitative dendrogram. 

The Dryas-dominated stands form 3 secondary clusters at the 8-cluster 
CevCteee le irs (otancoe lo ol, ly) do very Similar to. the 
first 2 clusters based on composition (Fig. 23), and thus consists of 
floristically and structurally similar Dryas-dominated stands. The 
Second cluster. (6, Loy 2ineze, 24, 20,29) 1s ‘compositionally wardable 
and requires further examination before assignment to a single classif- 
ication unit. Stands of the final secondary cluster (9, 11, 19, 26) are 
characterized by significant shrub cover. Stand 26 is widely separated 
from the other members of this group in the qualitatively based dendro- 


gram, suggesting significant differences in species composition. 


Ordination 


Indirect Bray-Curtis ordination of Prospect stands was camstructed 
using the quantitative data (see METHODS, page 30), but the results 
gave little added insight to the vegetation classification. The 
ordinations also failed to clearly show the major environmental gradients 
along which the stands were placed. Therefore the indirect ordination 


results for the Prospect stands alone are not presented in this thesis. 


Glassitication 


Using the cluster analyses, similarity matrices and field observ- 
ations, the alpine vegetation of Prospect Mountain was classified into 
16 community types (ct's) within 5 major groups (Table 6). Of these 5 
groups, 4 are those designated by Hrapko and La Roi (1978): Rock Tundra, 
Heath Tundra, Meadow Tundra and Snowbed Tundra. The final group, Shrub 


Tundra, includes plant communities dominated by low shrubs such as 
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Table 6. Classification hierarchy of alpine tundra groups and 
community types for the Prospect Mountain study area. 


I. Rock Tundra Group 


1. Dryas integrtfolta - Carex rupestris type (1,2,3)* 
a. Arctostaphylos uva-urst subtype (4) 


2. Dryas integrifolia - Salix alaxensts (islands) type (7) 
3. Dryas tntegrifolia - Saltx arctica type (8) 


4. Dryas tntegrifolta - Oxytropts podocarpa type (18) 
a. Kobresta bellardit subtype (21) 
b. sandstone outcrop subtype (5) 


5. Dryas integrtfolta - Casstope tetragona type (10) 
6. Dryas tntegrifolta - Hedysarum mackenzit type (17) 


II. Shrub Tundra Group 
A. Shrub Stripe Subgroup 
7. Dryas tntegrifolta - Betula glandulosa type (9,11) 
a. Dryas - shrub subtype (19) 
B. Willow Scrub Subgroup 
8. Saltx aretitca - Hedysarum alpinum type (30) 
9. Saltx spp. - Casstope tetragona type (26) 
10, Salix barratciana— Trovitus albtf torus (16,25) 


III. Heath Tundra Group 


1l. Casstope tetragona - Dryas octopetala type (13,14) 
a. Casstope - Salix ntvalis subtype (23) 


12. Phyllodoce glanduliflora - Casstope mertenstana type (12,15) 


IV. Snowbed Tundra Group 
13.) Saltavareticas- Saltnmntvalis type (31) 


V. Meadow Tundra Group 
A. Dryas Meadow Subgroup 
14. Dryas tntegrtfolta - Hedysarun alpinum type (6,22,24,29) 
a. Salix alaxensts subtype (20) 
B. Herb Meadow Subgroup 
15. Elymus innovatus - Mertensia paniculata type (27) 


16. Artemtsta norvegica - Aquilegta flavescens (28) 


* stand numbers 
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Betula glandulosa and Salix spp.. The partial similarity matrices for 
each group are shown in Fig. 25; the complete matrix is in Appendix II. 

The Rock Tundra Group covers the largest area, forming the matrix 
in which the other groups occur. Its communities cover a variety of 
aspects and altitudes, but are found mainly on exposed ridgetops and 
steep slopes. This group is characterized by extensive bare ground, 
rock rubble and large boulders; the mean cover of unvegetated ground in 
the group is 53%. Associated are numerous periglacial features, such 
as polygons, stripes and terraces. There is virtually no soil develop- 
ment; Orthic and Orthic Humic Regosols predominate. All the ct's are 
dominated by Dryas tntegrifolia, often overwhelmingly. Other common 
species are Polygonum vivtparum, Carex rupestris, Androsace chamaejasme 
and Oxytropts podocarpa. Lichens are more common than mosses, but both 
are low in cover. This group is divided into 6 ct's with 3 subtypes 
(st's). It is a homogeneous group with high similarity between its 
member stands (x IS = 48%; Fig. 25). 

The Shrub Tundra Group is a more heterogeneous assemblage, encomp- 
assing a variety of communities with a single shrub or mixture of shrub 
species dominant. Physiognomically it ranges from low (< 20 cm) shrub 
stripes to scrub thickets of medium height (30 - 150 cm). Shrub Tundra 
is generally found on gentle slopes with NE or NW exposures, from tree- 
line to 2065 m ASL. Soils are Orthic Humic and Cumulic Humic Regosols. 
There are 2 distinct subgroups, Shrub Stripes and Willow Scrub. The 
Shrub Stripes closely resemble many Rock Tundra communities. Although 
dominated by Dryas integrifolia, shrub species are next in cover and 
contribute strongly to community physiognomy. Bare ground cover is 


low (x = 8%) but conspicuous rock stripes and terraced topography 
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Similarity matrices for the major community groups. 
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underlie the plant cover. Mosses are significant, especially under the 
Betula stripes where their cover equals that of the vascular plants. 
This subgroup has 1 ct and 1 st. Communities of the Willow Scrub Subgroup 
are dominated by Saltx spp.. They are most often found at the bases of 
slopes or in protected sites, fed by meltwater, or in deep snow accumula- 
tion hollows. This subgroup is very heterogeneous (x IS = 29%) as the 
dominant Saltx sp. or spp. vary. The subgroup has 3 ct's. 

Heath Tundra communities are mainly restricted to hollows on the 
SE and E sides of the mountain. The hollows are surrounded by low 
krummholz of Abies lastoecarpa and Pteea engelmanit with scattered Salix 
vesttta. Community placement is in concentric rings and correlated 
With snow release date, with Casstope tetragona in the early release 
areas and Phyllodoce glandultflora and Casstope mertenstana in areas of 
deeper snow accumulation. Two ct's and 1 st are found in this group. 
Numerous subalpine species occur here including Aqutlegia flavescens, 
Moneses untflora and Erigeron peregrinus. The soils are well developed; 
Melanic and Eutric Brunisols are found in association with Orthic 
Regosols. 

Snowbed communities are few and of limited extent on the mountain. 
They occur most commonly on S- or E-facing slopes in depressions or in 
the lee of ridges. They melt out later than the heath hollows, as late 
as mid-August in some cases. Because of this, snowbeds are always low 
in plant cover and are poorly developed. Soils are thin Orthic Humic 
Regosols. One ct is described for this group. 

The Meadow Tundra Group, characterized by high plant cover with a 
continuous or discontinuous layer of tall herbs, occupies large areas 


on NW- and NE-facing slopes but is found in smaller patches elsewhere. 
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A very heterogeneous group (x IS = 35%), it is divided into 2 subgroups. 
The Dryas Meadow Subgroup consists of 1 ct and 1 st dominated by Dryas 
integrtfolta. Above the continuous Dryas and moss layer, taller herbs 
such as Hedysarum alpinum, Elymus tnnovatus and Oxytropts spp. form a 
more discontinuous layer. In contrast, the 2 communities of the Herb 
Meadow Subgroup are dominated by these tall herbs, and Dryas is much 
less common. They are found in areas where water is in constant supply. 
Soils for the entire group are Orthic and Orthic Humic Regosols. Species 
composition is highly variable within the group, with Hedysarwn alpinum 
having the highest constancy. 

Figure 26 shows the final classification hierarchy (Table 6) super- 
imposed on the cluster fusion hierarchy. The greatest correspondence 
occurs at the lower levels. A few stands appear to be misplaced, though. 
Stands 18 and 21 show high similarity to the Dryas Meadow Subgroup, 
probably due to the higher herb and total plant cover here than for most 
Rock Tundra communities. Stand 26 of the Willow Scrub Subgroup appears 
closer to the members of the Shrub Stripe Subgroup. A possible explan- 
ation is the large number of shrub species present, in addition to 
Salix spp., aS 1s common in the Shrub Stripes. The Salix arettca - 

- Hedysarum alpinum ct (stand 30) clusters more closely to the Snowbed 
community because of the coincidence of dominant species, although 
structurally and compositionally they are quite distinct. The internal 
heterogeneity of the Willow Scrub Subgroup and the Meadow Tundra Group 
are shown by the separation of their component parts at higher fusion 


levels in the dendrogram. 
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Community Descriptions 


Rock Tundra Group (Table 7) 
1. Dryas tntegrifolta - Carex rupestris community type (stands 1,2,3) 


The Dryas integrifolta - Carex rupestrts ct covers a large area, 
mostly on N-facing slopes and ridgetops, but on some S-facing slopes as 
well. Dryas integrtfolta is dominant in all cases and Carex rupestris 
is usually next in importance. 

On the steeper slopes the plant cover forms vegetation stripes 
perpendicular to the contours of the slope. These stripes are very 
regular in size with the rock and vegetation bands both .5 - 1 m wide. 
The rock stripes are composed mainly of colluvial calcareous material 
varying in size from pebbles to boulders. Individual vascular plants 
do manage to become established in this rock rubble, especially Carex 
rupestrts, Saxtfraga oppostttfolta, Pedicularis lanata and Saxtfraga 
atzotdes. 

Between the rock stripes Dryas integritfolta forms the matrix of the 
vegetation stripes. Polygonum vtviparum and Androsace chamaejasme are 
common throughout, but are low in cover. Legumes are also significant 
with Oxytropts podocarpa more important on N-facing slopes and 
O. campestrts more so on S-facing slopes. A number of species are 
found only in this ct of the Rock Tundra, including £rigeron radtcatus, 
Braya humilis, Draba porsildit, Lesquerella arctica and Campanula 
rotundifolta. The genus Draba is particularly rich in this ct with 5 of 
the 7 species found in the Rock Tundra. 

Not all the stripes are flat. Some are stepped with a sloping 


vegetation stripe joining the level rock stripes. At these sites the 
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plant cover is thicker and dwarf shrubs such as Saltx arettea and 
Arctostaphylos rubra are present in small amounts. 

On the windswept ridgetops the stripe pattern breaks down and plants 
exist only as scattered individuals (stand 2). 

Total vascular plant cover for this community type is low (x = 26%). 
Although the average number of species per stand is 25, many of these 
have low PV's or are simply present. In general, lichen and moss cover 
is low as well. 

There is little soil development under this community. The soils 
are Orthic or Orthic Humic Regosols with shallow profiles, high pH and 
a. large percent Coarse traction; 

This is the most common ct on Prospect and is present on all ridges, 
both as small patches and as large expanses covering entire slopes. 

Although Oxytropts podocarpa has the second highest PV in stand 1, 
Carex rupestrts is a Close third and is more diagnostic. The placement 
of this stand in the Dryas - Carex rupestris ct is reinforced by the 
high similarity it exhibits with others of this type: 81% with stand 3, 
89% with subtype stand 4. Stand 2 shows low similarity with all 


stands, perhaps due to the very low PV's of all its species. 


la. Arctostaphylos uva-urst subtype (stand 4) 


In restricted areas on the S-facing slope of R3, the rock stripes 
grade into distinct terraces .2 - 1m high, dominated by Arctostaphylos 
uva-urst. The amount of Arctostaphylos varies from scattered plants on 
the lower terraces to continuous mats on the higher ones, but it has a 
high PV for the stand. In areas where Arctostaphylos cover is continuous, 


individual plants of such species as Zygadenus elegans, Hedysarwn 
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forming slightly banked vegetation stripes on the N- 
-facing slope of R2. The old mining road can be seen 

in the background, as well as a pile of overburden 


left from the coal mining operations. (July 6, 1976) 


Plate). 


Junction of ct's 2 and 3 on a steep scree Slope. The 
Dryas tntegrtfolta - Saltx alaxensts ct on limestone 
scree is in the foreground with its characteristic 
Dryas mats. The Dryas integrifolta - Saltx arctica ct, 
with more evenly distributed plant cover, is beside it 
on the brown sandstone scree. (June 24, 1976) 
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mackenztt and Oxytropts campestris grow in the mat. 

Despite the large amounts of Arctostaphylos, this stand has a high 
degree of similarity to the other stands of the Dryas - Carex rupestris 
Ct. Carex rupestris is still a significant component having the third 
highest PV. Androsace chamaejasme, Polygonum viviparum and Oxytropts 
eampestrts aretalso, impontant here, as in the other members of the ct. 

The Arctostaphylos st is also found as solid patches in small 


depressions elsewhere on the slope. 


2. Dryas tntegrifolta - Saltx alaxensis (islands) community type (stand 7) 


On a large, steep, NE-facing slope of limestone scree between R2 
and R3, plant cover is almost completely restricted to mat ‘islands’ 
of Dryas tntegrtfolta, 10 - 50 cm in diameter. Many mats are centered 
around gnarled and sprawling plants of Salix alaxensts, anchored 
firmly on the scree slope. Although some of these Saltx plants have 
basal diameters of 5 cm or more, they rarely exceed 40 cm in height. 
The bare scree of small limestone rocks covers more area (77%) than the 
vegetation. Large boulders are rare. 

Dryas integrtfolta is the overwhelming dominant here. Although 
Polygonum vivtparum and Stellarta longipes have low cover, they have a 
reasonably high quadrat frequency, particularly within Dryas mats. 
Other species which grow within the mats include Pedicularis capttata, 
Silene acaults, Oxytropts podocarpa, Saxtfraga tricuspidata and 
Anemone parviflora. Mosses and a few lichens occur in the Dryas islands 
as well. 

Between the islands a few individual plants become established, 


notably Saussurea densa, Pedtcularis lanata, Saxitfraga oppostttfolta 
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and Smelowskia calycina. Some of these plants have long tenuous root 
systems stretching down through the rocks and far into the soil beneath. 
A few species appear to be restricted to these scree slopes, e.g. Draba 
macountt, Cystopteris fragitlts and Saxtfraga caespttosa. 

The slope is unstable with some downslope movement of the surface 
material, and the vegetation mats are often broken and covered by the 
limestone rocks. Beneath the scree layer there is considerable soil, 
althoughythe IpromiletisestumlRegosolic. Thistsoil is a silt loam to a 
silty clay loam with average moisture retention. It thus appears that 
substrate factors are much less of a factor in preventing continuous 
plant cover than is slope instability. 

This ct is found, with lesser or greater amounts of plant cover, 


on a number of steep scree slopes at various altitudes and aspects. 


3. Dryas tntegrtfolta - Salix arctica community type (stand 8) 


Although stands 7 and 8 are adjacent and situated on the same scree 
Sslope,;vdheimeditterences are retlections of a substrate change. Stand 8 
is located in an area of sandstone scree as opposed to the limestone 
Serec ot Standivee® Vespites the contrast” in’ scree petrology, many of the 
soilecharacteristics, «suchas ph and® texture, “are similar. 

Dryas integrtfolta is still dominant but Saltx arettca assumes much 
greater significance here than in the other Rock Tundra communities. 
Astragalus alpinus is the dominant legume and the third most important 
species. It is of interest that Carex rupestrts, which had a low PV on 
the limestone scree, is completely absent from this stand. Dryas 
oetopetala occurs here and is found in only one other Rock Tundra ct 


(stand 5), also on a sandstone substrate. Other species which are notably 
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present are Cerastitum beeringtanum, Androsace septentrtonalts, Castilleja 
ocetdentalts and Erigeron lanatus. 

Although bare ground cover is slightly lower, in general the 
relative cover of vascular plants, mosses and lichens is about the same 
in this ct as in the Dryas islands ct on limestone scree. The number of 
species per quadrat (NSQ) and the total number of species is, however, 
slightly larger. This _is the result of the restriction of plant cover 
to the Dryas islands in stand 7 as opposed to stand 8 where the individ- 
ual plants are morevevenly dispersed over the Slopes) this contrasting 
pattern makes the 2¥aneas: visually /dmstinee, ~despates the close similarity 
Or their species ‘stmuetur.. (ls) = (675) 

This ct 1s foundyooral sands tonevscree Slopeszag inese Slopes are, 


however, fewer in number and smaller in area than the limestone slopes. 


4. Dryas tntegrtfolta - Oxytropts podocarpa community type (stand 18) 


Large areas of the NE- and NW-facing slopes of R2 are covered by a 
relatively mesophytic Dryas - Oxytropis podocarpa community. On the 
gentler slopes the topography is characterized by terraces as high as 
lm. As the slope steepens and/or the altitude increases, the terraces 
decrease in height until they resemble rock stripes. Species composition 
of the terrace risers and stripes is similar with a high cover of both 
mosses and vascular plants. The terrace tops, on the other hand, are 
almost void of plant life. These areas are composed more of moist 
bare soil than rock. Where stripes are formed rather than terraces 
there is a greater percentage of rock. 

Dryas tntegrifolta and Oxytropis podocarpa have the highest PV's 


in this community, but Kobresta bellardti is perhaps the most conspicuous 
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Plate 6. 


The Dryas integrtfolta - Oxytropis podocarpa 
community (ct 4) on the N-facing slope of R2. The 
view is of the lee side of a wide, heavily vegetated 
stripe. The dominant Dryas is in bloom. The dark 
brown areas are moss, and the light brown graminoid 
which is particularly obvious in the background is 
Kobresta bellardit. (July 31, 1976) 
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component. This species forms large tufts along the edges of the 
terraces and stripes giving a more lush appearance than that exhibited 
by other Rock Tundra ct's. Polygonun vivtparum, common in most Rock 
Tundra communities, has an even higher PV here. Legumes are also signif- 
icant , but here the important species are Hedysarum alpinum and 
Oxytropts campestris as well as Oxytropis podocarpa. Hedysarum mackenztt 
is completely absent. Species of lesser importance include Androsace 
chamaejasmé, Carex rupestris, Pedtcularts capttata, Salix nivalis, 
Smelowskta calyetna and Saxtfraga trtcusptdata. Arnica loutseana is 
found here and in only one other site on the mountain. 

This ct has the highest species richness and the highest NSQ in the 
Rock Tundra Group. However, vascular plant cover averages only 45% 
due to the heavy concentration of plants in the terrace risers and 
Stipes) Mossesrachvevey theirshighest cover valueeror?’ this’ groupsin 
this ct, forming large mats beneath and amongst the vascular plants. 
Terricolous lichens are scattered throughout. 

Thessoilepijeate 7.5, 1S "comparable with that in the other Rock 
Tundra types. Soils are thin Orthic Regosols with a large percent 
coarse fraction. 

Although this ct is found on only one ridge of Prospect, its cover 


there is extensive. 


4a. Kobresta bellardit subtype (stand 21) 


On one NW-facing slope of the Dryas integrifolta - Oxytropts 
podocarpa ct, Kobresta bellardit becomes even more prominent, obscuring 
many species of lower stature. Here Kobresia tufts fom the basis of 


heavily vegetated, continuous and discontinuous, stripes perpendicular 
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to slope contours. Kobresia is restricted to the outer, windward edge 
of the stripes. The rest of the vascular species are found in the lee 
of the dense sedge clumps, underlain by a thick moss layer. Only a few 
Speciesmorr theictiaresuestrictedutothisyst) 1.e. Gentiana propingua, 
Astragalus vextlltflexus, Poa arcttca, P. pattersonti and Draba cana. 
Although this stand is very similar in physical (soil) and vegeta- 
tional characteristics to the type stand (IS = 77%), the increase in 
Kobresta cover and the subsequent effect on the organisation and visual 


appearance of the stand make it more suitable as a separate st. 


4b. Sandstone outcrop subtype (stand 5) 


Although the species composition and species structure of this 
stand are very similar to those of the other stands of the Dryas - 

- Oxytropts podocarpa ct, enough differences do occur to warrant a 
separate st distinction. This stand is located on an exposed, windswept 
sandstone outcrop on R4. Plants are widely separated, individual or in 
clumps, with no discernible patterning. 

Dryas tntegrifolia is dominant followed by Oxytropts podoecarpa as 
in the other stands in this ct, but both Kobresta bellardii and 
Polygonum viviparum are absent. The Dryas forms small mats with 
Saxtfraga tricusptdata clumps within them. Oxytropts podocarpa 1s most 
commonly found growing singly. Grasses, especially Calanagrostts 
purpurescens also form clumps apart from the Dryas mats. As the slope 
increases down from the ridge the plant cover decreases, and the 
individual plants become even more scattered. Where resistant seams 
of rock run through the outcrop, unequal weathering has created small 


rock ridges, .25 - .Smhigh. Saxtfraga tricuspidata and Telesonix 
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jamestt cover large areas of these ridge faces. Astragalus alpinus, 
Carex rupestrts and Eritgeron composttus are also significant in this 
community. Species found here with restricted distribution elsewhere 
on the mountain include Seneeto canus, Draba paysontt, Botryechtum 
lunaria, Astragalus abortginum, Ertogonum androsaceum and Telesonix 
jamestt. 

Despite the low mean cover of vascular plants, 28%, and a low NSQ 
of 3, the species richness of this stand is high at 44 and comparable 
to the other stands in the Dryas - Oxytropis podocarpa ct. Many species 
have low PV's and add little to the total cover but increase the species 
richness. Moss and lichen cover are low to negligable here. 

Soils in this stand have the lowest pH of any in the Rock Tundra 
Groupno.c, DUtethey anessta ll, Orthicenumic.Resesols. 

This stand is unique and this community st is found only on this 
Siiglesoutcrop on R4. Similar sites of sufficient size to sample do not 


seem to occur anywhere else on the mountain. 


5. Dryas integrifolia - Casstope tetragona community type (stand 10) 


This ct occurs below the Dryas - Carex rupestrts rock stripes on 
some gentle NW exposures. The microtopography includes quite pronounced 
terraces and very flat rock stripes of small stones, as this ct 
occupies the transition between these two periglacial features. There 
is less exposed rock surface here than in the Dryas - Carex ct above it. 

On the risers of the larger terraces large clumps of Casstope 
tetvagona are mixed with Dryas integrifolia.and Arctostaphylos rubra. 
Scattered throughout are larger Salix shrubs, 15 - 30 cm high, such as 


S. arctica, S. alaxensts and S. vestita,with occasional small krummholz 
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Abtes lastoearpa. Common herbs include Polygonum piptparum, Oxytropis 
podocarpa, Tofteldia pustila, Silene acaults, Carex rupestris and 
Saxtfraga oppostttfolta, most of which are common on the dry upper 
slopes. Floristically as well as physically this ct is situated between 
the moister Dryas - Betula glandulosa shrub community (ct 7) and the 
drier Dryas - Carex rupestrts rock stripe community above, and is equally 
similar to both (Appendix II). 

Total vascular plant and bryophyte cover are higher here than in the 
Dryas - Carex ct, but lower than those of the Dryas - Betula shrub 
type. Moss carpets are rare but mosses may be locally abundant. Where 
Casstope tetragona dominates, Hylocomium splendens is often the under- 
StOnY weal elcicolous lichens, especially fruticose forms, are scattered 
throughout. Sometimes Dryas and Alectorta ochroleuea form a narrow 
but distinct band between the Casstope-dominated areas and the bare rock 
SUEIDSS.. 

Total vascular species richness for this community is intermediate 
between those of the rich Dryas - Betula community and the depauperate 
Dryas - Carex community. However, the NSQ more closely resembles that 
of the.Shrub Stripe, stands, (Tables..7,.8). 

Soil characteristics are also intermediate, but the coarse fraction 
and pH do fall within the range shown by the Rock Tundra Group. 

This community type covers a small area but occurs on a number of 
ridges occupying the same ecological position with respect to aspect, 
slope and altitude. It consistently accurs below the Dryas - Carex 


community and usually aboye the Dryas - Betula community . 
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0. Dryas integrifolta - Hedysarun mackenzit community type (stand 17) 


At the base of the large rock faces and scree slopes which lead to 
the peak of Prospect Mountain is a sheltered, gently sloping site 
occupied by the Dryas - Hedysarum mackenzit ct. Large calcareous rocks 
and piles of gravel, fallen from the rock face, occur in scattered 
patches. In spring small streams of meltwater from the upper slopes cut 
through the community in rocky channels. In times of rapid runoff 
gravel and rocks are deposited in the vegetation itself. 

In spite of this»rocky substrate,.vascular plant cover 1s the high- 
est for the Rock Tundra Group, due to an almost continuous mat of Dryas 
integrifolta. Hedysarum mackenztt ranks second in PV and is evenly 
scattered amongst the Dryas. Other legumes are rare or absent. Small 
sedges, primarily Carex scirpotdea and C. rupestrts, form a thin layer 
above the Dryas. The only other quantitatively important species are 
Polygonum vivtparum and Androsace chamaejasme. Vascular species 
richness is intermediate for the Rock Tundra Group (32), but of these, 
25 species are rare and exist as widely separated individuals. Shrubs 
such as Ledum groenlanditceum, Saltx vestita and Potentilla fruttcosa 
occur only in the few shallow depressions. 

Bryophyte and lichen cover are low. Mosses occur only in small 
patches. The most common lichens are foliose and crustose, growing on 
the, soil), 

The soils are thin, Orthic Humic Regosols with a comparatively 
small percent coarse fraction. 

This ct is found only in this one location on Prospect, between 


R3 and R4. In central areas the plant cover is high becoming lower 
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towards the edges of the community and continues as clumps and individual 
plants up the adjacent scree slopes and rock slides. Due to the shelter- 
ed nature of this area, and its proximity to escape terrain, mountain 


sheep are often seen grazing here. 


Shrub Tundra Group (Table 8) 


A. Shrub Stripe Subgroup 


7. Dryas integrtfolia - Betula glandulosa community type (stands 9,11) 


The Dryas - Betula glandulosa ct extends over a wide range of 
altitudes and slopes but is mostly restricted to NW exposures, where 
it can be-very localized or;cover"an entire slope. ‘The topography 
Witieserron tliat rock stripes to terraces. with risers’up to 1m high: 
Despite the terraced topography, there are only small patches of 
exposed soil and rock, and in some areas the rock stripes are completely 
vegetated. 

As in other striped and terraced communities, Dryas integrifolia 
is the dominant vascular plant. Betula glandulosa is next in importance 
followed by Aretostaphylos rubra. Salix arctica and S. ntvalis are 
present in small amounts adding to the shrubby nature of this community's 
physiognomy. Notable herbs are Kobresta bellardit, Polygonun viviparum 
and Oxytropts podocarpa — species common to all stripe communities. 
Stand 9 is located at the base of a slope and is watered by a nearby 
stream. Its more mesic environment is reflected by the presence of 
Pyrola grandiflora, Senecto lugens, Tofteldia pustlla and Pedicularis 
flammea, which are usually found in moist habitats. In stand 1l 


Elymus tnnovatus, Poa ruptcola, Potentilla fruttcosa and Pedtcularis 
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Table 8. Selected site and community attributes of stands of the Shrub Tundra Group. See Table 6 (page 54) for 


names of community types. 


Date July 11 July 12 July 28 Aug. 13 Aug. 3 Aug. 5 July 26 
Altitude (m) 1981 2057 2067 2055 1978 2027 2045 
Slope (9) i 24 34 32 10 26 2 
Aspect NW NW iB NE NW B E 
Soil type** O.HR. O.HR. O.IR. G@eGRe O.HR. O.HR. O.HR. 
Surface pH 6.9 6.4 oD 6.8 6.3 6.0 7.4 
% coarse fraction 24 17 63 I) i) 32 30 
% available moisture (< 2 mn) 36 10 7 31 32 23 18 
No. quadrats 30 30 30 U5 30 30 30 
No. vascular species 40 37 48 44 47 67 45 
NSQ i 8 7 13 10 8 6 
x cover (%) - 
vascular species 70 55 79 80 Ne 86 76 
mosses 69 58 20 9 50 i 3 
lichens - saxicolous 0.2 0.4 On3 1 O52 0 C 
terricolous 10 10 3 1 8 0.2 0 
bare ground iil 4 9 5 z 4 17 
PV vascular species - 
Dryas integrtfolia DIS 196 186 9.6 43 + 0.05 
Betula glandulosa 130 62 102 - 52 - 
Arctostaphylos rubra 47 55 2.2 = 48 + - 
Hedysarwn alpinum 40 20 28 78 43 6.8 Se! 
kKobresia bellardit 20 9.0 50 a BSS, ial - 
Saltx nivalis 12 3S Zed 11 21 +s al 
Polygonum vivtparum 14 27 Og) 12 4.1 We? Zine) 
Soltdago multtradtata 0.4 Sos 0.03 Zo Ihae ae IS 
Oxytropts podocarpa Pe DoS zp = 1.4 = = 
Pedicularis capitata Sia 2.8 - iat 8.3 0.03 0.03 
Potentilla diverstfolia ORS Wat Boal 2.8 0.3 On 2 
Zygadenus elegans + OES 0.4 0.2 0.3 0.03 + 
Androsace chamaejasme* Onz 0.8 On 0.2 neal 0.03 Og? 
Arnica alpina Gail 0.1 0.8 2 0.03 + 2 
Stellaria longtpes Weal 0.03 + = 1.0 ORS = 
Stlene acaulis OFS = + 0 Op! 4 0.05 
Arctostaphylos uva-urst Si UcAl = = = 5 
Pyrola grandtflora* 2.0 > iil = = = = 
Anemone parviflora eS 0.1 + ‘ ® 3 
Pedicularts lanata - 2.4 - = = - - 
Aster alpinus 1.0 = OS > 0. = = 
Potentilla ntvea 0.1 0.6 0.1 = = = = 
Carex rupestris 0.03 Dei = = = = = 
Genttana prostrata + att + a a a 
Cerastiun beeringtanum 0.1 = = = = = + 
Festuca baffinensis 0.03 + + = = + = 
Carex mitsandra* 0.03 a = = = = a 
Draba lonchocarpa = 0.03 = > = = = 
Smelowskta calyeina* o + F sit = = = 
Anemone drummondit + 0.03 = 0.1 = + = 
Abtes lastocarpa + - + = ar = = 
Pedicularts flamnea* + = = = = = = 
Festuca orachyphy lla = us = = = = = 
Poa ruptcola = + = = : = = 
Potentilla diversifolta var. - + - = = = - 
multtsecta 
Juntperus communis = = 32 = = = = 
Potenttlla fruticosa 0.4 30 = = = = 
Cxytropts campestris 0.1 Zed So ii = = = 0.03 
Aster stbericus = = doe = = = NEW 
Juniperus horizontalis - = 6.4 = = = = 
Eptlobium angusttfoltun = = 6.4 = = Bald = 
Bromus pwnpelltanus - 2 5.8 = = 0.7 1.4 
Saxifraga tritcuspidata = 0.6 oF = = = = 
Habenaria viridis = = 0.1 = = = = 
Calamagrostts purpurescens - - + - + o =; 
Minuartia rubella - = + = = = = 
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Table 8. (cont.) 


Draba oltgosperma 
Astragalus aboritginuwn 


Saltz arctica 
Equisetun sctirpotdes 
Astragalus alpinus 
Parnassia fimbrtata 
Arntea cordifolia 
Astragalus vexilltflexus 
Antennaria alpina 
Castilleja ocetdentalis 
Poa alpina 

Ertigeron humilis 
Stbbaldia procunbens 
Poa custekit 

Minuartta austromontana 
Myosotts alpestrtis 
Parnassta kotzebuet 
Saxtfraga lyalltt 
Botrychtum lunarta 
Agropyron lattglwne 
Selagtnella dénsa 
Androsace septentrionalis 
Arabts drumondtt 


Casstope tetragona 
Saltz vestita 

Senecto Lugens 
Linnaea borealis 
Tofteldta pusilla 
Carex atrosquama 
Genttanella proptnqua 
Salix reticulata* 
Ledun groenlandicum 


Salix barratttana 
Thalietrun occidentale 
Trolltus albtflorus 
Valertana sttchensts 
Elymus innovatus 
Artemtsta norvegica 
Mertensta paniculata 
Erigeron peregrinus 
Petasites frigtdus 
Aconttun delphinifolium 
Senecto triangularts 
Achtllea millefotun 
Arntca dtverstfolta 
Delphintun glauewn 
Fragaria virgintana 
Verontea alpina 

Draba borealis 
Equisetun arvense 
Streptopus anplexifoltus 
Ranunuculus eschscholtait 
Mitella nuda 

Aqutlegta flavescens 
Genttanella anarella 
Luzula parviflora 
Agropyron smithit 
Veratrum eschescholta2it 
Draba aurea 

Epilobtun hornmantt 
Castilleja mintata 


Arnica alpina ssp. attenuata* 


Carex scirpotdea 
Equisetun vartegatun 
Pyrola asartfolta 
Deschampsia caespitosa 
Oxyrta digyna 
Saxtfraga atzotdes 


disjunct species 


* 


Cae! eh eu ©) ct 10 
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Soil types: O.HR. (Orthic Humic Regosol), C.HR. (Cumulic Humic Regosol) 
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tanata indicate drier site conditions. In spite of these environmental 
and associated floristic differences, the two stands are very similar 
in species structure (IS = 74%). 

Bryophyte cover is high with mosses forming a continuous carpet, 
as deep as 30 - 40 cm, under the Betula. Hylocomtun splendens usually 
dominates these carpets. Lichens are less important but still notice- 
able in the community with foliose and fruticose lichens, particularly 
Stereocquion, most common. 

Thegsorls are Ortiie Humic Regosols with: ap of 1674 36292) ;The 
drier nature of stand 11 is demonstrated by its lower available 
moisture. 

The largest stands of this ct occur near treeline on NW-facing 
Slopes, in some places forming a band of shrub tundra between the 


subalpine forest and the upper alpine slopes. 


7a. Dryas - shrub subtype (stand 19) 


The steep E-facing slope of Rl is also dominated by Dryas and 
Betula, but other shrub species have an increased relative importance 
here. The combined PV's of Saltx arctica, Juniperus communis and 
Potenttlla fruticosa equal that of Betula. Other low shrubs present 
in lesser amounts include Arctostaphylos uva-urst, A. rubra, Juniperus 
hortzontalis and prostrate Abies lastocarpa. The shrubs form a layer 
30 - 45 cm high. Topographically this area is similar to others of the 
type, with small terraces blending into rock stripes. Plant cover is 
not restricted to the terrace risers, though, and in some places 
mixtures of shrubs form dense patches 1 - 9 mn’ in area. 


There are other compositional differences besides the increase in 
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shrubs. Linnaea borealis, which has a restricted distribution in the 
alpine zone on Prospect, is not only found here but forms large mats 
beneath the shrub thickets. JHabenaria viridis, found in no other ct, 
is common here. Graminoids, particularly Elymus innovatus, Bromus 
pumpelitanus and Kobresia bellardit assume greater significance in this 
st, overtopping the shrubs in many places. Legumes also have increased 
cover and richness in this stand. 

ordi vascular pian ercoverutss nrener, than in” thevct, DUL Ene re: 1s 
less bryophyte and lichen cover (Table 8). Moss still forms a thick 
Carpet DUt It 1S more’ patchy here. 

Although the soil is an Orthic Humic Regosol, it has a higher pH, 
a larger coarse fraction and lower available moisture than’ the soils of 
the type. 

Despite its relatively high similarity to the other stands of this 
ct (x IS = 65%), there are enough significant differences in community 
physiognomy and species composition to justify its subtype designation. 
Although found in a single location, it covers an entire slope giving 


it=ay large” total” area: 


B. Willow Scrub Subgroup 


8. Saltx arettca - Hedysarunm alpinum community type (stand 30) 


In a large, concave area in the center of R4 is a series of large 
solifluction lobes. This is a late snow release area and is usually 
damp although there is little surface water. The lobe-top plant cover 
varies from rock stripes and Casstope tetragona communities to meadow 


vegetation. The lobe fronts are all similar, though, covered with the 
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rich Saltx arettea - Hedysarum alpinum ct. This community covers a 
large total area but its stands are quite small, i.e. the solifluction 
riser fronts. The ct drops out towards the bottoms of the risers 
where the Dryas - Hedysarum alpinum meadow ct (ct 14) takes over. 

This community is clearly dominated by Salix arctica, but herbs 
such as Hedysarum alpinum give the ct much of its distinctive character. 
less abundant herbs are Astragalus vexilliflexus, A. alpinus, Arntca 
cordtfolta, Artemtsta norvegtca, Parnassia fimbriata, Castilleja 
oeetdentalis and Ertgeron peregrinus. Smaller herbs, such as Equisetum 
setrpotdes, Antennarta alpina and Polygonum vivtparwn, are scattered 
beneath and between the larger plants. 

Although the NSQ and plant cover are high, the community does not 
appear lush. Individual plants are smaller than normal, rarely forn- 
ing clumps. There are few mosses or lichens under the vascular plants. 

The soil is a Cumulic Regosol due to downslope creep of the 
solifluctioy lobes. The percent coarse fraction is small and the soil 
is hard and firmly compacted. Towards the base of the lobe risers 
the percent coarse fraction increases. 

This ct is confined to one area where it occurs on numerous 


lobes with different aspects and elevations. 


9. Salix spp. - Casstope tetragona community type (stand 26) 


On some lower NW slopes, in the midst of the Dryas - Betula and 
Dryas - Casstope stripes, there are deep snow accumulation hollows. 
Soon after meltout these hollows appear to be dominated by Casstope 
tetragona. Later, as the associated deciduous shrubs leaf out, it 


becomes evident that the Saltx species have the highest cover. Because 
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of its substantial non-heath shrub coyer, and similarity to the other 
Shrub Tundra commmities, this ct is placed here rather than in the 
Heath Tundra Group. 

Casstope tetragona has the highest individual PV, but several low 
shrubs, 30 - 60 cm high, follow closely behind — Arctostaphylos rubra, 
Betula glandulosa, Salix vestita, S. aretica and S. barratttana. The 
three Salix species combined have the greatest prominence, both visually 
and numerically, and are therefore used to name the commmity. Salix 
rettculata and S. nivalis are also present in small amounts. In these 
hollows, where Casstope tetragona is a dominant species, Dryas integrtfolta 
1s present rather than D. oetopetala as is found in all other Casstope 
communities. Notable herbaceous species are Hedysarum alpinum, Senecto 
lugens, Linnaea borealis and Pedicularts capttata. Krummholz Abies 
lastocarpa is found occasionally with Parnassta kotzebuet beneath. 

This Parnassta, as well as the Ledwn groenlandtcwn found here, have 
very limited distributions in the study area. 

Total vascular species richness and NSQ are average. Total 
vascular plant cover is high, as is bryophyte cover, which is highest 
beneath patches of Casstope. Terricolous lichen cover is above average 
due to large clumps of Stereocaulon sp. and Pelttgera rufescens and to 
the fine crustose lichens on the bare soil. 

The soils are Orthic Humic Regosols but have the lower pH values 
(6.3) associated with heath-filled hollows (Table 9). 

This ct is found on numerous W to NW slopes, at or slightly above 
treeline. Most hollows are small in size, rarely exceeding 100 m* in 
area, but the large number of these hollows give a significant total 


area tor this:ct. 
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The Saltx spp. - Casstope tetragona community (ct 9) 

in a shallow depression on the N-facing slope of R3. 

The; deepeercen planteis Cassetope ferragorae, he 
deciduous shrubs are Salix spp. which are only beginning 
tomleat-ong at thisspoint.. White papcheszon the 

ground are clumps of Stereocaulon sp.. A small Abtes 
Llastocarpa seedling is visible at right. (June 24, 1976) 


The Saltx barratttana - Trolltius albiflorus community 
(ct 10) on the lower slope of R2. The Salix is grow- 
-ing in depressions .5 - 1m deep, surrounded by 
herb-rich, grassy margins. (Aug. 3, 1976) 
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10. Saltx barratttana - Trolitus albtflorus community type (stands 16,25) 


Dense “patches of Salix barrattrana, <5 = lm tall, ‘grow atthe 
bases of many slopes. They flourish in flat areas with a good source 
of water and in deep, moist hollows, which may be widely separated or 
contiguous. Due to the heavy shading by the Saltx, the ground beneath, 
whether fine *textured or gravel,"is quite bare: The Salix barrattiana 
commmities can be very rich in species, though, with many tall herbs 
growing in or around the Saltx clumps. In particular the moist walls 
and grassy margins of the depressions hold a diverse assemblage of small 
herbs (Plate 8). 

Salix barratttana is dominant with one of the highest individual 
PV's found in any community. In the spring, before the willows leaf 
out, Trollius albtflorus blooms and seems to carpet the hollows. In 
gravelly sites (stand 16) fTrolizus is absent, but in general it is 
Guite diagnostic for the ct, Later in the season other large hexbs 
become significant, e.g. Elymus tnnovatus, Mertensta pantculata, Senecto 
trtangularis, Artemtsta norvegtca, Thaltctrum occidentale, Valertana 
sttchensis and Erigeron peregrinus. On the damp walls of the hollows 
Ranunculus eschscholtzit, Eptlobtum hormmanit, Parnassia fimbriata 
and Draba aurea are most common. Many species occur in only this ct, 
including Veratrum eschscholtzit, Streptopus amplexifoltus, Mitella 
nuda and Draba aurea. Additional species are unique to areas with a 
gravel substrate (stand 16) such as Deschampsia caespitosa and Pyrola 
asart folta. 

Total vascular plant cover is high, approaching 100% in some areas, 


largely due to the Salix bushes. There are a few mosses but virtually 
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no lichens in the dark moist understory. 

Soil conditions are quite variable in the different stands, although 
the soils are always Orthic Humic Regosols. In areas of rapid spring 
runoff, gravel is scattered over the surface and the soils are shallow. 
Deep, dark profiles are most common in the moist hollows. The pH range 
is 6.0 - 7.4, from the moist to dry sites respectively. 

Wiss Ct asescattered along the lower slopes*of all of the ridges 


as small pockets and large shrubby thickets. 


Heath Tundra Group (Table 9) 


ll. Casstope tetragona - Dryas octopetala community type (stands 13,14) 


Depressions on N- and NE-facing slopes often contain heath 
communities. In these areas of greater snow accumulation and later 
snow release, the Casstope tetragona - Dryas octopetala ct occupies the 
outer rims, i.e. the areas first released from snow. The Phyllodoce 
glandultflora - Casstope mertenstana ct occupies the deepest central 
parts of these hollows. As a result the Casstope tetragona - Dryas 
octopetala ct is situated between the lush Phyllodoce glandultflora - 
- Casstope mertenstana community and the surrounding dry Rock Tundra 
communities. Several of the species characteristic of the Rock Tundra 
communities, e.g. Kobresta bellardit, Stlene acaults and Saxtfraga 
opposttifolta, are found in open areas of the community and thus it 
has a higher similarity to most of the Rock Tundra communities 
(x IS = 5.7%) than does the Phyllodoce glanduliflora - Casstope 
mertenstana ct (x IS = 1.3%; see similarity matrix in Appendix II). 


Casstope tetragona forms dense tufts and is the undisputed 
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Table 9. Selected site and community attributes of stands of the Heath Tundra Group. 
See Table 6 (page 54) for names of conmmity types. 


Date July 25 July 25 OU byorsE July 25 July 25 
Altitude (m) 2054 2018 2091 2021 2030 
Slope (°) 24 22 24 20 30 
Aspect E NE NE gE NE 
Soil type** O.R Mex= O.R. M O.MB. 
Surface pH ‘git M 6.8 M Be 
* coarse fraction 3 M 48 M 5 
% available moisture (< 2 mn) 36 M 25 M 231 
No. quadrats 15 15 15 BS) aS 
No. vascular species 40 57 36 43 39 
NSQ 8 9 9 3) & 
x cover (%) - 
vascular species 62 80 64 78 85 
mosses 17 4 21 8 14 
lichens - saxicolous Al Crd a Ure 0 
terricolous 6 5 tz 0.4 0.4 
bare ground 43 UZ 9 Le 6 
PV vascular species - 
Cassiope tetragona 267 334 260 + z 
Dryas octopetala 91 107 3D 0.1 6.2 
Carex sctrpotdes 56 4.6 = LS O32 
Polygonun viviparum 12 535 8.7 ge NS 
Silene acaulis + 18 - 2x6 = 
Anemone parviflora B35 5.8 3.5 a 249 
Artemisia norvegtca + 1.0 yaks 13 14 
Pedicularts capitata O52 Zo Had S + 
Kobresta bellardit 5.9 = ages) 4 4.8 
Carex atrosquana + Zee 7 0.2 O65 
Castilleja occidentalis 0.4 + Pee Ml ot - 
Androsace chanaejasme* Maye O52 O55 * OFF 
Poa alpina Oi Pe Day: ya Ost 
Potentilla diversifolta On O77 0.2 OFZ 0.6 
Antennarta alptna Cee O52 * Z.5 USF 4 
Erigeron humilis 0.1 = O22 0.4 O21 
Seleginella densa 1.7 6.1 = 9-0 Diao 
Salix vestita + 5.4 = = = 
Pyrola grandiflora* 4.4 - 5 = : 
Qrytropts podocarpa - 1.7 0.4 5 - 
Saxifraga atzoides 12 Os = = 5s 
Saxifraga opposittfoltia 0.4 On 24 OF z 
Tofieldta pusilla O27 “A = : : 
Carex rupestris = 0.7 + Zs = 
Hedysarun mackenztt 0.4 0.2 = = ss 
Carex nardtna +: 0.4 = = = 
Antennaria monocephala* 0,1 F 2 = = 
Carex sctrptfornts 0.1 - = 2 = 
Festuca baffinensis og “ 7 : 3 
Qcyria digyna a: + . 2 
Abies lastocarpa + 4 = + = 
Arnica alptna - + * * 
Taraxacun lyratwn - 28 3 = % 
+ - - - 
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Taple.o. (cont. ) 


Saltx nivalis Tac IS 

Dryas tntegrifoltia - 6.6 Za 
Soltdago multtradiata Lee 7, SoZ 

Astragalus alptnus . x 

Hedysarum alpinum = = 

Equtsetwn setrpoides = Neal 
Elymus tnnovatus = = 
Senecto tugens - = 
Trisetun spteatun + = 
Genttanella propinqua = 5 
Minuartia austromontana . _ 
Minuartia rubella = = 
Arctostaphylos rubra % = 
Myosotis alpestris = 4 
Stellaria longipes - - 
Potenttlla diverstfolta var, - = 

multtsecta 


Phyllodoce glanduliflora 8. 
Casstope mertenstana 0. 
Saltx arctica 

Arnica diverstfolta 

Parnassta fimbriata 0. 
Aquilegia flavescens 

Erigeron peregrinus 0. 
Stbbaldia procwnbens 

Zygadenus elegans 

Pedicularts bracteosa 

Antennaria lanata 

Saxifraga lyallit 

Ranunuculus eschscholtatt 

Poa ecusteckit 

Senecto triangularis = 2 . 
Veronica alptna - - = 
Carex physocarpa = 3 e 
Moneses untflora = - 2 
Phyllodoce intermedia = = % 
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disjunct species 


kk ; ; : 
Soil type: O.R. (Orthic Regosol), O.MB. (Orthic Melanic Brunisol) 
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dominant with Dryas octopetala usually next in importance. Dryas 
integrifolta 1s present in lesser amounts at the edge of the community 
where it grades into Rock Tundra. Other significant species in this 

ct are Salix nivalis, S. arctica, Carex scirpoidea, Solidago multtradiata, 
Polygonum vivtparum and Anemone parvtflora. Selagtnella densa is 

common on patches of bare ground. Occasional individuals of Abtes 
Lastocarpa, Picea engelmanti and Salix vesttta occur in the heath-filled 
hollows; they form krummholz around many hollows as well. Antennaria 
monocephala and Carex setrpiformts are found in this community and 
nowhere else in the study area. 

The relative amounts of plant cover and bare ground can vary 
considerably in this type. Large dry patches are more numerous towards 
the perimeter. The cover of mosses and lichens is generally low. 

The SOvbstypercradeses rom RegOSOliciprotiies atmcuieuxecricvouter 
edges of the community to Brunisolic profiles characteristic of the 
mesic imner areas. Associated with this is a gradient of pH from 7.1 
at the outer edges to 5.7 in areas of greater snow accumulation and 


higher plant cover. 


lla. Casstope tetragona - Saltx ntvalts subtype (stand 23) 


On the E-facing slope of R2 a Casstope tetragona-dominated 
community is found on flat, protected sites rather than in depressional 
areas. Saltx ntvalts ranks second and Dryas octopetala third in this 
St. Soltdago multiradtata, Artemtsta norvegtca, Pedicularts capttata, 
Saltx aretica and Dryas tntegrifolta all have greater importance here 
than in the other stands of the type. Species found here but not in 


the other Casstope tetragona stands include Astragalus alptnus, Elymus 
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Plate 9. 


A well-developed heath hollow surrounded by Rock 
Tundra on the S-facing slope of R3. The dark brown 
Casstope tetragona - Dryas octopetala community (ct 11) 
surrounds the dark green Phyllodoce glandultflora - 


- Casstope mertensiana community (ct 12) which is in 
the bottom of the depression and is released from 
snow later. Abtes lastocarpa krummholz are on the 
edge of the hollow. (June 24, 1976) 
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tmnovatus and Hedysarum alptnum. Many of the floristic differences of 
this st are due to its drier, more open nature as compared to the type. 
Consequently it has a higher similarity to the Rock Tundra communities 
which surround it (Appendix II). 

Vascular plant cover is at the lower end of the range exhibited by 
this ct. Moss and terricolous lichen cover, however, are at the upper 
end. 

ThesRegosolre som protile andylaree coarse@iraction reflect the 
flat dry slope habitat. 


12. Phyllodoce glandultflora - Casstope mertenstana community type 
(stands =i2 5.55) 


In the deepest portions of the heath-filled depressions are 
relatively lush communities of Phyllodoce glandultflora and Casstope 
mertenstana. Phyllodoce is usually dominant but in some areas (e.g. 
stand 15) Casstope mertenstana assumes dominance. Despite the change in 
dominants the species compositions of the two stands are quite similar. 
Phyllodoce- and C. mertenstana-dominated areas do not seem separated 
spatially or ecologically in any way, nor do they cover large areas of 
the landscape individually, therefore a single community type appears 
suitable. 

Phyllodoce glandultflora and Casstope mertenstana are usually 
mixed together well. Combined in this thick matrix of heaths are lesser 
amounts of Salix arctica and Artemisia norvegica. Species with lower 
PV's but still significant include Salix ntvalts, Carex sctrpotdea, 
Anemone parviflora and Polygonum viviparwn. Emerging above the heath 


mat in the deepest depressions are many large-leaf composites, e.g. 
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Arnica diverstfolia, Senecto trtangularts and Erigeron peregrinus. On 
the flatter sites Aguilegta flavescens, Hedysarun alpinum and Castilleja 
ocetdentalts assume greater importance. Pedtcularis bracteosa, Poa 
custekit, Saxtfraga lyallit, Ranunculus eschscholtzti and Senecto 
trtangularts are among those species found in the Phyllodoce - Casstope 
mertenstana ct but not in the adjacent, drier Casstope tetragona - 

- Dryas octopetala ct. Moneses untflora is unique to this ct. 

Vascular plant cover is relatively high with few bare areas. 
Bryophyte cover is low and lichens are virtually absent. Total vascular 
species richness and NSQ are both in the mid-range exhibited by all the 
ct's, and are remarkably consistant for all the Heath Tundra ct's: 

508 467 and 365-39, .LeSpectiveny . 

The soils of this community are well developed Melanic Brunisols. 
Where the slope is steep, turbic Melanic Brunisols can occur, caused 
by the downslope soil creep. Soil pH is the lowest of any measured on 
the mountain, 5.9. These soils also differ in having a small turf 
layer overlying the A horizon. 

The Phyllodoce glandultflora - Casstope mertenstana ct is found 
in hollows of varying size, on E- and NE-facing slopes of most ridges, 


at a variety of altitudes. 


Snowbed Tundra Group (Table 10) 


13. Salix arctica - Salix ntvalts community type (stand 31) 


This stand is located in one of the larger snowbeds at the bottom 
of a steep SE-facing slope on R3, surrounded by rock stripes and Willow 
Scrub communities. Snow remains late into the growing season with 


final meltout in early August. 
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Table 10. 


Selected site and community attributes of the Snowbed Tundra Group. 


Saltx arettea - S. ntvalts ct 


stand 31 
Date Aug. 14 
Altitude (m) 2050 
Slope (0) 0 
Aspect = 
Soil type** O.HR. 
Surface pH Wee 
% coarse fraction 35 
% available moisture (< 2 im) 17 
No. quadrats 15 
No. vascular species 30 
NSQ 17 
X cover (%) - 
vascular species 37 
mosses 7 
lichens - saxicolous 0.3 
terricolous i 
bare ground 58 
PV vascular species - 
Saltzx arcttca 76 
Saltx nivalis 62 
Anemone parviflora 28 
Polygonum viviparun 18 
Carex sctrpotdea 10 


Poa alptna 

Equtsetum vartegatun 
Saxtfraga lyallit 
Stbbaldita procumbens 
Selaginella densa 
Festuca baffinensts 
Stlene acaults 

Carex atrosquamna 
Potentilla diverstfolta 
Draba crassifolta 
Erigeron humilis 
Soltdago multtradtata 
Minuartta austromontana 
Castilleja occidentalis 
Tofteldia pusilla 
Zygadenus elegans 
Aquilegia flavescens 
Saxtfraga atzotides 
Dryas integrifolia 
Hedysarum alptnun 
Hedysarun mackenztt 
Oxytropts campestris 
Androsace chamaejasme* 
Myosotis alpestris 
Erigeron peregrinus 
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disjunct species 
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Soil type - O.HR. (Orthic Humic Regosol) 
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A Saltx arettca - Salix nivalts snowbed (ct 13) on 

the S-facing slope of R3. The Snowbed Tundra community 
is surrounded by examples of the other 4 Tundra Groups. 
Behind it are well-developed Dryas integrifolta - 

- Carex rupestrts Rock Tundra stripes. To the right 

of them, in a small depression, is a Casstope tetragona 
Heath Tundra community (dark green). In the right 
foreground is a Dryas Meadow Tundra community (yellow- 
-green), and to the left a Saltx barrattiana Shrub 
Tundra community. (July 24, 1976) 
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Vascular plant cover is low (37%), with much bare ground, and the 
few plants present are low in stature. Even by the late sampling date, 
August 14, few species had flowered. Saltx arettca and S. nivalis 
co-dominate forming a discontinuous mat. Scattered amongst the dwarf 
Willows are Anemone parviflora, Polygonum vivtparum, Carex setrpotdea, 
Poa alptna, Equtsetum vartegatum and Saxtfraga lyalltt. Draba erasstfolia 
Werestricted to this ct. "Although there’ are 30 species in this ct; 
most have very low PV's contributing to this stand's depauperate 
appearance. 

Mosses are small with low cover. Terricolous lichens are mostly 
Crustose, growing directly on the bare soil surface. 

Soil is poorly developed with a Regosolic profile and a high pH 
of 7.7. Large rocks are spread over the surface. 

Snowbeds are found in sheltered areas on a number of slopes, but 
tTheyearemiever large, rarely exceeding dimensions of dsm X% 15m. the 


snowbed community varies considerably but this stand is representative. 


Meadow Tundra Group (Table 11) 


A. Dryas Meadow Subgroup 
14. Dryas integrtfolta - Hedysarum alpinum community type (stands 6,22,24, 
29 


This variable ct occurs most commonly on gentle to moderate 
N-facing slopes, though occasionally stands are found with southern 
exposures. The concept of a basic plant assemblage for the type to 
which varying numbers of vascular plants are added is particularly well 


expressed in this ct. Total vascular species richness ranges from 31 
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Table 11. Selected site and community attributes of stands of the Meadow Tundra Group. See Table 6 (page 54) for 
names of community types. 


Date Aug. 13 July 31 July 9 Aug. 2 July 28 Aug. 10 Aug. 10 
Altitude (m) 2050 2104 2067 2048 2030 2024 2027 
Slope (9) 14 26 8 22 MW, 14 22 
Aspect NE NE SE NW NW SE E 
Soil type** O.HR. O.HR. O.R. O.HR. O.R. O.HR. O.HR. 
Surface pH 7.0 Wel Hos Use) eal 5.8 5.6 
* coarse fraction Hil 28 48 5S 58 38 33 
% available moisture (< 2 mn) 25 21 15 19 48 6 i 
No. quadrats 30 30 30 30 30 30 15 
No. vascular species 4] jal 31 34 BS 56 55) 
NSQ 9 8 z 6 8 9 9 
X cover (%) - 
vascular species 74 ey S15 iis 50 83 88 
mosses 53 26 4 38 85 8 3 
lichens - saxicolous 0 1 1 0.1 0.1 8 0 
terricolous 3 4 4 Wg 4 0 0 
bare ground 0.4 26 39 4 ORS 3 0.1 
PV vascular species - 
Dryas tntegrtfolta 189 210 349 Sill 202 Wy 4 
Hedysarun alpinum 79 76 74 116 53 50 QO. 
Kobresta bellardit Us 18 25 16 31 2.5 = 
Polygonum vitviparwn 29 19 Sed 75h 38 ORS = 
Saltx arctica 47 32 +; 6.5 Ng Sal - 
Stellaria longtpes 26 2.0 5 + 1836 Sieg Oaal 
Bromus punpellianus iy 5.6 #3 = = 0.1 thal 
Oxytropts campestris 2.8 0.1 18 = USS = 
Poa alpina Dive 4.3 0.6 0.1 3.4 0.03 On 
Arntea alpina ag Zin Soil zt 1.4 3: + 
Androsaceé chamnaejasme* 4 01:2 1.9 S29) 0.03 0.6 0.2 0.4 
Smelowskia ealyetna* + OOS oe 2 = Poexil = + 
Genttanella propinqua 0.3 0.7 = = 0.03 0.3 = 
Poa arettea 0.1 0.03 = 0.1 ORS 0.3 + 
Potentilla ntvea + ae = + 0.4 ne - 
Trisetun spteatun 0.6 i = 0.03 a7 0.03 ; 
Pedicularts capitata Zeis 4.1 * Wired 0.7 > 2 
Saxtfraga tricusptdata = 2.8 Ibe Hf = as = = 
Senecto lugens 15 + = = 3.0 = = 
Stlene acaults 0.1 + = 2.4 0.4 = = 
Genttana prostrata 0.03 0.2 = 0.03 0.03 = : 
Delphinitwn glaucwn = 1.4 = = 0.1 = = 
Potentilla diverstfolta var. = Ore = = a8 = = 
multtsecta 
Pedicularis flammea* - a - - 0.1 - - 
Saxtfraga caespttosa = + = = + = 
Salix nivalts Zisih Sell 2 49 = ct = 
Oxytropts podocarpa = 35 4.3 4.3 = = = 
Calamagrostts purpurescens 0.03 = 17 = = + = 
Zygadenus elegans Sov + 2.4 = = 0 = 
Saltz rettculata* = 3.6 > = = = = 
Anemone parviflora 0.8 0.4 = 0.8 < = = 
Pedicularis lanata = Orel = Wee = = = 
Carex rupestris = ai 0.2 0.03 = = = 
Betula glandulosa = = Lied = = + = 
Carex misandra* = = = V5 a = S 
Antennarta alpina if = 1.4 = = = cs 
Arctostaphylos rubra et + = a = s 7 
Ertgeron grandtflorus Heat 3 = = = S = 
Carex scirpotdea 0.7 = = 5 = $ = 
Carex atrosquama O55 = = = = + = 
Erigeron compositus = + 0.4 = = = = 
Aster stbertcus = 0.4 5 = = 0.03 = 
Hedysarwn mackenzit = = 0.4 = = = cs 
Festuca baffinensts = 0.2 = = = = 
Anemone drumnondit = + 0.1 = = + = 
Astragalus vextlliflexus = 0.1 = : = - = 


Euphrasia disjuncta 0.1 


Table 11. (cont.) 


“inuartta rubella - 0.03 = = = = = 
Agropyron latiglwne a 0.03 - = - = 
Senecto canus - = 0.03 2 = - - 
Squesurea densa - - - 0.03 5 eo 2 
Saxtfraga opposittfolia = ~ 3 0.03 = S - 
Minuartia austromontana + + - - = = 
Draba poretldit - + - = = 
Poa custckit + - - - = 4 
Picea engelmanit - + co Z = J “ 
Salix vestita - + = = . 2 Ee 
Minuartta sajanensis - + - = 2 © = 
Lraba albertina - + - - = = = 
Draba incerta - + 2 2 fe. a = 
Dryas octopetala = o - - - = 
Potentilla untflora = + - - - = 
Casstope tetragona S + = - - - - 
Androsace septentrtonalis S + - - - = = 
Costilleja ocetdentalis - + - = 5 5 x 
Erigeron radicatus* - - + = 4 ef 5 
Draba cana - - - + - = = 
Canparnula untflora* - - - + = < 4 
Salix alaxensis* - - - - 95 - - 
Ceytropis jordalit* - = - 8.3 25 - - 
Aconttun delphinifoltum 2.8 fs - + Hots: Lae, 0 

Aster alpinus 0.3 0.03 = 574 + - 
Festuca brachyphylla + + + + 0.4 = = 
Saxifraga cernua - - - - 0.03 = 3 
Cerastiun beeringtanun = - - - + _ 5 
Draba borealis - = = = Fs = = 
Elymus tnnovatus = 5.0 + + 16 215 22 
Mertensta paniculata - + - - - 79 13 
Fragaria virgintana = : - - 48 Sav 
Astragalus alpinus SG5) 8.3 = = + 27 32 
Equtsetun sctrpotdes - + - - = 14 0.4 
Ecutsetwn arvense - + - = = Dali 2G) 
Oxyrta digyna - - - - - ” + 
Arabis drwnondit - + = = 5 + + 
dJuntperus horizontalis - - - - = 5S 2 
Eptlobiwn angusttfoliun - - - - 31 = 
Solidago milttradiata Use 1.6 Bea + + 18 < 
Fotentilla gracilis - - - - - LEZ. - 
Genttanella anarella - - - - - 0.6 - 
Botrychtwn lunaria - - - - - + - 
Juniperus communis - - - - - + = 
Carex festivella - - - - - + - 
Arctostaphylos uva-urst - - - - - + = 
Anemone multtfida - - - - - + = 
Artemista norvegtca 10 + - - - 3.5 643 
Achillea millefoliun 0.03 + - : > 7.3 26 
Bptlobiwn latifolium ~ + - + - + 6.2 
Fotentilla diverstfolta 1.0 0.1 0.03 - 0.4 5.9 6.1 
Muosotts alpestris a 0.1 + “7 0.6 0.6 4.7 
Arnica cordifolta - - - - - + 4.8 
Fhiewn alpinwn - - - - - + 3.8 
Taraxcacun ceratophorun - - - ~ - + 7 
Carex phaeocephala - - - - ~ + 0.2 
Aguilegia flavescens > - - - - - 156 
Castilleja mintata - - - - - ~ 12 
Arnica alpina ssp. attenuata* - - - - - - Sell 
Erigeron peregrinus - - - - - - 8.7 
Beraclewn lanatwn - - - - - - 5.4 
Arnica diverstfolia - > - - - ~ 1.4 
Poa pratensis -" - - - - - ps 
Ranunculus eschscholtstt - - - - . - 0.5 
Sibbaldia procwnbens - - - - : - 0.2 


® 
disjunct species 


** soil types: O.HR. (Orthic Ikmic Regosol), 0.R. (Orthic Regosol) 
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Low ls With, the sspeeres-richestands generally in moister areas with a 
good source of water all season. 

Dryas tntegrtfolta and Hedysarum alpinum always rank first and 
second in PV. Other species found consistently are Kobresta bellardit, 
Polygonum vivtparum and Saltx arctica. S. ntvalts and Oxytropts 
podocarpa are common in many stands. The drier stands (6 and 24) have 
some characteristic species of the Rock Tundra Group, e.g. Erigeron 
radicatus, Senecto canus, Saussurea densa, Saxtfraga oppostttfoltia, 
Calamagrostts purpurescens and Carex mtsandra. The more mesic stands 
(29 and 22) have Achtllea millefoltum, Artemista norvegtca, Senecto 
lugens, Aqutlegta flavescens and Mertensta pantculata, all species of 
moister habitats. 

Plant cover is almost complete due to a continuous Dryas mat, but 
some of the drier stands have patches of bare ground and rock. In the 
more mesic sites bryophytes may form large mats with Dryas. Lichen 
cover is generally low. 

Soils are all Orthic or Orthic Humic Regosols with alkaline pH 
values. The coarse fraction ranges from 21 - 53%, from mesic to 
xero-mesic sites. Areas with high plant cover often have a turf layer 
overlying the A horizon. 

This ct covers large areas on equivalent topographic positions on 
R2 and R4, and as smaller stands in flat areas. The total extent of 
this ct in the study area is second only to that of the Dryas 


integrifolta - Carex rupestrts ct. 
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14a. Saltx alarensts subtype (stand 20) 


On NW-facing slopes the Dryas-Hedysarum alpinum ct blends into 
its st, with Salix alarensts shrubs superimposed on the Dryas meadow 
physiognomy. This st occurs on moderate slopes where subsurface 
drainage is concentrated. A thick layer of moss (x cover = 85%) under- 
iies) the entircuse. 

The sprawling Saltx alaxensts bushes are about 40 cm high and 
randomly dispersed on the Dryas and moss matrix. Oxytropis jordaltt 
is common around the bases of the Salix bushes; it is found only here 
Gide thie -adjaeelteseanas Om tie Ct. lin addit1on tO odi7e avaxens?s, 
Saxtfraga cernua, Draba borealts and Cerasttum beertngtanum are found 
Oily in this’ Stsand notin ithe other stands’ of the» tyne. 

The soil is thin and rocky under the thick moss layer, but has 


the sufficient moisture supply necessary for this mesophytic community. 
B. Herb Meadow Subgroup 


15. Elymus innovatus - Mertensta pantculata community type (stand 27) 


On the SE side of R4 is a lush, grassy meadow, bounded on 3 sides 
by stable scree slopes. Directly above the meadow is a snow comice 
which melts slowly through most of the growing season, insuring a 
constant supply of water. The meadow itself is very hummocky, with 
Juniperus horizontalis, Saltx arctica, and many herbs in the depress- 
ions around the hummocks. As the community continues downslope the 
amount of Salix in the depressions increases. At still lower altitudes 
this stand grades into krummholz islands of the subalpine zone. 


Elymus tnnovatus is the dominant species followed by Mertensta 
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The Salix alaxensts st of the Dryas tntegrifolta - 

- Hedysarum alpinum meadow community (ct 14) on a 

flat bench of R2. Both Dryas integrifolia (white) and 
Hedysarum alpinum (pink) are in bloom around the 
sprawling Saltx alaxensis bushes. (July 24, 1976) 


Plate 122 


The colourful, herb-rich Artemisia norvegica - Aquilegta 
flavescens community (ct 16) in a drainage channel on 
R4. It is bounded on both sides by the grassy Elymus 
tnnovatus - Mertensta paniculata community (ct 15). 
Above both communities is the snowbank which supplies 
them with water for most of the sumer. (July 24, 1976) 
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panteculata. less important are Hedysarum alpinun, Potenttlla gracilis, 
Eptlobtum angustifoltum, Achtllea millefoltum, Fragaria virgintana 
and Solidago multiradiata. These tall herbs give a characteristically 
lush appearance to the community. In areas lacking taller plants 
Dryas tntegrtfolta and Equisetum setrpotdes form the ground cover. 
Carexzufestiveliaais ithesonly«species, exclusive. to; this..ct. 

The total number of vascular species and NSQ are both high, 
indicating relative richness at both levels. 

There are few mosses or lichens, but in moist areas around the 
hummocks Pelttgera pulverulenta can be found. 

The soil is an Orthic Humic Regosol with a large percent coarse 
fraction and the second lowest pH after the Phyllodoce ct. 

This grass-dominated community is utilized by a number of animals, 
especially Hoary Marmots which have burrows along its margins. Insect 


life is also abundant with numerous ants and grasshoppers. 


16. Artemista norvegica - Aqutlegta flavescens community type (stand 28) 


Close to the melting edge of the late snowbank above the previous 
ct, and in the damp drainage channels running from it, is another 
lush Herb Meadow community. Above it, in areas where snow lies very 
jate into the summer jethercerse lrttlejorino plant life. This-comun- 
ity, therefore, is bounded on 2 of 4 sides by the Elymus - Mertensia 
ct, on 1 side by the melting snowbank, and on the other by a hard 
scree slope with sparsely scattered Myosotts alpestris, Phacelta 
sertcea and Arntca cordifolta plants. Although adjacent to the Flymus- 


- Mertensta ct, its species structure is very different (IS = 11%). 
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The ct is overwhelmingly dominated by Artenisia norvegteq (PY = 643). 
More obvious collectively, though, are the many showy herbs such as 
Aqutlegta flavescens, Arntca cordtfolta, Mertensta paniculata, Ertgeron 
peregrinus, Potenttlla diverstfolta and Castilleja mtntata, The 
giant herb Heraeleun lanatum is found in the dampest sites and towers 
above the other plants. Shrubs are almost completely absent. Below 
the tall species are low herbs, e.g. Astragalus alptnus and Myosotts 
alpestrts. Despite the luxuriant and colourful appearance of this 
community it contains only 35 vascular species. 

Vascular plant cover is high (88%) with virtually no bare ground 
visible. There are a few mosses but no lichens, 

The soil is very similar to that of the adjacent Elymus - Mertensta 
ct. There is, however, a higher clay content (Table 14, pagel1ll). 

This community is restricted in habitat to very moist areas with 
a constant water supply. Because of these special requirements its 


total area is small. 


Other Communities 


Two plant assemblages were described but not sampled quantitatively. 
Examples of these two types were found in restricted areas, and 
although habitat conditions seemed relatively constant, species composi- 


tion varied greatly. 
Drainage Channels 


Narrow V-shaped channels which collect snow and/or carry runoff 
water are found on all ridges, They vary in slope angle, aspect and 


total length. Their species composition varies with the steepness, date 
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of snow release, amount of exposed rock, and the dominant surrounding 
vegetation. The communities are mainly herbaceous but some contain 
Lowe'rsalie spp. 

Artemtsta norvegtca, Salix arcttca, Aconttum delphtntfoltum, 
Eptlobtum lattfolium, Myosotis alpestris and Parnassta fimbrtata are 
the most constant species, and #., lattfolium achieves its highest 
cover in these areas. 

Some channels are filled with swiftly flowing water in spring and 
after heavy rains, restricting the plant cover to the mesic channel 
walls. Artemtsta norvegteca dominates, and Oxyrta digyna, Saxifraga 
lyallit, Senecio lugens and Claytonia lanceolata are common on these 


Waris 


Rock Faces 


On steep, exposed rock faces, both of limestone and sandstone, the 
plant cover is restricted to isolated individuals established in 
cracks and on ledges. Although most of the Rock Tundra species are 
found here, cushion plants, e.g. Potenttlla uniflora, Ertogonum 
androsaceum and Saxtfraga tricuspidata, and caespitose grasses, e.g. 
Festuca baffinensts and Trtsetum sptcatum, are particularly successful 
Cystopterts fragilis, Saxtfraga cernua and S, caespttosa are almost 
restricted to these outcrops. Telesontx jamestt is notable at the 
base of large limestone boulders, 

Community cover is always low, but species composition and 
richness vary considerably, A single area may have more than 20 
species with none being discernably dominant, or a single species may 


Dicvail, . On the sheer E-facing clitfs of R4,.Potentt lia. uniflora is 
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virtually the sole coloizer. 

On rock faces at higher altitudes the plants are even more 
scattered, but this is the main habitat for Papaver kluanensis. Draba 
macountt and D. Lonchocarpa continue upward almost to the line of 
permanent snow. 

Rock faces and outcrops cover small areas on the 4 main ridges 


but dominate the topography above 2285 m ASL. 


Transect Studies 
Transect #1 


Transe cy # We xyuns an ane von direction for, 90 mover pattemed 
ground, both rock stripes and terraces, on the NW face of R3 (Plate 13). 
The transect covers a change in altitude of 25 m, from 2034 m to 2059 
miAcleeelhree mains ct's and, their intermediates) are traversed: a 
broad belt of Dryas integrtfolta - Betula glandulosa shrub stripes, 

a small patch of Dryas tntegrifolta - Casstope tetragona stripes, and 
Deyas*integrifolta —- Carez rupestrte stripes. The 3 stripe ct's inter- 
finger, alternate and overlap. The microtopography is characterized 
by terraces oriented along the slope contours at the lower end of the 
transect, and by rock stripes perpendicular to the cmtours at the 
upper end. The Dryas - Betula ct continues downslope from the origin 
of the transect for a considerable distance, and the Dryas - Carex 

ct does the same upslope. 

Cover values for selected species on the transect are contained 
in Table 12; the remaining species are in Appendix IV. Dryas 
integrtfolta dominates all portions of the transect. Other ubiquists 


with lesser cover include Carex rupestris, Androsace chanaejasme, 
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Table 12. Quantitative values of selected site and community attributes 
along Transect #1. Additional species are presented in 


Appendix IV. 
& 
Transect Segment 
Meno tae IO tre Or OT ioe ke 5 
x slope (°) Doe EAA len 2c Lae 2S Ol wea 24, 15 
altitude (m) 2034 2047 2052 2059 
no. vascular spp. oe olla ee LOm oe Oe st Osteo L) Lt 


x cover (4%): 
vascular plants 65 54 69 69 
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lichens - saxicolous Sip ee ee ee ee ee ee kee et OREN Oe Mle 
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Saltx vesttta 
Equtsetum sctrpotdes 
Picea engelmantt 
Betula glandulosa 
Anemone parviflora 
Pyrola grandiflora 
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Arctostaphylos rubra 
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Saltz ntvalts and Polygonun viviparwn. Saxtfraga opposittfolta and 
Oxytropts podocarpa, though absent from the dense Betula stripes, 
are common over the; restiof the transect. 

The Dryas - Betula ct (transect segments 1 - 6, Table 12) is 
Characterized by Saltz vestita, Equisetum sctrpotdes, Hedysarun alpinun, 
Pyrola grandiflora and Arctostaphylos rubra. Casstope tetragona may 
be locally abundant. Transect segment 3 traversed a Picea engelmantt 
krummholz, hence the high cover for that species there and its absence 
elsewhere. Moss cover is particularly high in this transect area. 

Transect segments 7 - 9 are transitional between the Dryas - 

- Betula and the Dryas - Casstope ct's, with Casstope found in assoc- 
lation with Salix arecttca, Hedysarum alpinun and Dryas octopetala. 

The Dryas - Carex stripes (segments 12 - 15) are located in stand 
1 (Table 7, page 61), therefore Oxytropts podocarpa cover is high. 
Species richness is lower than in the rest of the transect, shrubs 
are few, and the species composition is primarily ubiquists, i.e. 
there are no diagnostic species. There is, however, a small increase 
in the cover of terricolous. lichens. 

The legumes show a distinctive distribution pattern. The ranges 
of Hedysarwn alptnum and H. mackenzgtt are almost mutually exclusive. 
H. alpinum is found only om the lower slopes and gives way to d. 
mackenzit on the upper. They overlap only slightly in the Dryas - 

- Casstope stripes. Oxytropts podocarpa is common on most of the 
slope, but 0. campestris, restricted to S-facing slopes, is absent. 

The amounts of bare rock and soil vary strongly from one segment 


to another, indicative of the patterned ground. The most heavily 
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Plate 13% Sivansect mivon the N-facing sliepe ofekR53, Theyeransect 
Starts in Dryas integrifolta - Betula glandulosa 
terraces (bright green stripes), travels through Dryas 
integrifolta - Casstope tetragona stripes (dark brown 
stripes) and terminates in Dryas integrtfolta - Carex 
rupestrts stripes (light brown stripes) on the upper 
slopes. Patches of the Salix spp. - Casstope tetragona 
community are in the foreground. (July 24, 1976) 
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vegetated sites are at the lower end of the transect. Both species 
richness and total plant cover decrease upward along the transect. 

The changes in species composition and structure observed on this 
transect are mainly a reflection of the change in topographic position. 
All areas are released from snow simultaneously, and slope angle does 


not increase appreciably with altitude. 


Transect #2 


Transect #2 runs 49 m in an E - W direction in a large central 
depression on R4. Originating at 2080 m, it rises less than 2 m over 
its entire length from a flat Dryas meadow, through heath communities 
on the sloping edge, and terminating in the rock tundra surrounding 
the depression (Plate 14). This transect covers a snowmelt gradient, 
but it is not a continuous one from center to edge. The rock tundra 
is released first, meadow areas are second and the sheltered heath 
slopes are last. 

Only a few ubiquists occur along the entire transect, notably 
Saltx ntvalts, Polygonum vitvtparum, Anemone parvtflora and Pedicularis 
capttata (Table 13). Dryas integrifolta and Hedysarum alptnum have 
a bimodal distribution, being common in the meadow segment and the 
edge of the Casstope tetragona community where it grades into the 
rock tundra. They are absent from the Phyllodoce- and most of the 
Casstope tetragona-dominated quadrats. Salix arctica is widespread 
across both heath communities and parts of the meadow. 

The Dryas meadow portion (transect segments 1 - 4, Table 13) is 
dominated by Dryas tntegrtfolia and Hedysarum alpinum with the herb 


meadow components, Astragalus alpinus, Kobresta bellardtii and 
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Table 13. Quantitative values of selected site and comunity attributes along 
Transect #2. Additional species are presented in Appendix lV. 


* 
Transect Segments 
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Bromus pumpellianus 
Zugadenus elegans 
Genttana prostrata 
Astragalus alpinus 
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‘ 5 consecutive quadrats (nos. 1-5, 6-10, etc.) 


*%*3 consecutive quadrats (nos. 96-98) 


Zygadenus elegans. As the meadow grades into the Phyllodoce - 

Casstope mertenstana ct (segments 6 - 14), showy herbs such as E£rigeron 
peregrinus, Castilleja oectdentalts and Artemisia norvegica augment 

the species composition. As a result the transition zone between 

these two ct's is the richest in vascular species. 

The Phyllodoce - Casstope mertenstana portion has numerous character 
species, e.g. Artemtsta norvegica, Saltx arcttca, Ertgeron peregrtinus, 
Stbbaldta procumbens and Parnassta fimbriata. This ct overlaps the 
Casstope tetragona - Dryas octopetala ct above it (segments 11 - 18). 
Some species, like Campanula lastoecarpa and Selagitnella densa, are 
restricted to this transition zone. Dryas octopetala and Aconttum 
delphtntfoltum are character species for the Casstope tetragona ct. 

Finally, a small area of rock tundra was sampled (segments 18 - 20). 
Species richness is low in this Dryas tntegrtfolta - Oxytropts 
podocarpa ct, but a number of the characteristic rock tundra species 
appear here for the first time — Oxytropis podocarpa, Carex nardina, 
Festuca brachyphylla and Ertgeron compositus. 

Bare rock cover is significant only in the rock tundra segment, 
but bare soil is found throughout. Mosses achieve their greatest 
cover in the meadow ct.with lesser, but still notable, amounts in 
parts of the Phyllodoce ct. Terricolous lichens have their highest 
cover in the meadow and in the Casstope tetragona ct. 

Since the ends of this transect melt out first, it is not surprising 
that certain species cover values and site characteristics have 


bimodal distributions. 
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Plate tae 


Transect #2 in a depression on R4. The transect 


starts in the center of the depression in a Dryas 
tntegrtfolta - Hedysarum alptnum meadow (bright green), 
crosses a Phyllodoce glandultflora - Casstope 
mertenstana community (yellow-green), a Casstope 
tetragona - Dryas octopetala community (brown ) and 
terminates in Dryas tntegrtfolta - Oxytropts podocarpa 
Rock Tundra which surrounds the depression. The actual 
Rock Tundra which was sampled is not shown in the 
photograph. (Aug. 13,1976) 
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Soils 


The alpine soils of Prospect Mountain have usually developed on 
coarse limestone and dolomite colluvium derived from the mountain peak. 
The bedrock of sandstone and shale usually lies only 30 - 50 cm from 
the surface and forms outcrops in some locations. The soils in the 
study area are calcareous, characterized by weak horizonation, sandy 
loam textures, and high organic matter reflected in dark soil colours. 
Physical and chemical properties of the 29 soil profiles exposed are 
presented in Table 14. Only 2 soil orders are represented in this 
alpine area. Regosolic soils are predominant, associated with all but 
1 ct. In depressional areas with late snow release and heath vegetation, 
Brunisolic soils may occur. 

The Regosolics belong to 3 main Subgroups. On steep, rocky, poorly 
vegetated slopes, Orthic Regosols are most common (Plate 15). The 
horizon sequence varies, consisting of combinations of Ah(k), AC(k) and 
C(k) horizons. In some areas with a high cover of Dryas tntegrtfolta, 
an H(turf) layer overlies the sandy loam or loamy sand mineral soil. 

The Ah horizon, although thin, can be very dark, apparently rich in 
organic matter. Coarse fragments (> 2 mm) are numerous, normally 
increasing with depth, and large rocks (> 8 cm diameter) are encountered 
throughout the profile. Free carbonates were detected in many horizons. 
Only in Orthic Regosols associated with Casstope tetragona-dominated 
communities is the pH lower (6.8). Orthic Regosols are widespread in 
most Rock Tundra stands and found occasionally in Heath Tundra and 
Meadow Tundra as well. 


In more mesic areas with higher plant cover, Orthic Humic 
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Regosols dominate. Their physical characteristics are similar to 

those of the Orthic Regosols, but the Ah horizon is thicker under 

the lusher vegetation, greater than 60 cm in one site. The pH range 

is wider, extending from 5.7 in lush Herb Meadows to 8.0 in some Rock 
Tundra stands. Orthic Humic and Orthic Regosols are very similar and 
grade into each other, even within a single ct. Orthic Humic Regosols 
are more common, though, under Shrub Tundra and Meadow Tundra communities. 

Cumulic Humic Regosols form the final Regosolic Subgroup. Not of 
common occurrence, these soils are found only in solifluction areas, 
e.g. ct 8. The deep profiles are built up through deposition of soil 
by mass wasting rather than through horizon development into the 
parent material. Horizons (Ahl, Ah2, Ah3, etc.) can be differentiated 
by the amount of coarse material, bands of unmixed gravel and buried 
undecomposed organic matter of aerial origin. Clay content increases 
with depth, as does pH. There is little colour change between the 
horizons; all are black to dark grey. 

The Brunisolic soils belong to 2 Great Groups, Melanic Brunisols 
and Eutric Brunisols, and are found only under vegetation dominated by 
heaths, especially Phyllodoce glanduliflora. In depressional areas 
with high plant cover the soils are Orthic Melanic Brunisols. The 
horizons are well developed and differentiated — a thick Ah underlain 
by a brown to reddish brown Bm and grey Ck horizon. There is a steep 
pH gradient from 5.7 at the surface to 7.9 in the Ck horizon. The 
coarse fraction also increases sharply from 5% at the surface to 70% 
at the base of the profile. 

On moist, steep slopes covered with Phyllodoce, downslope soil 


movement has caused churning of the soil profile. Ah and Bm horizons 
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Plate 15. 


Plate 16. 


Tundra. 
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A turbic Melanic Brunisol under Phyllodoce-dominated 
plant cover. The Bm (orange) and Ah (black) horizons 


are mixed by downslope movement. Below them is a Ck 
horizon. 
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are mixed but still discernable, forming a turbic Melanic Brunisol 
(Plate 16). 

In heath-dominated areas with less plant cover, on drier, steeper 
slopes, the Ah horizon is thinner and the Orthic Melanic Brunisols 
grade into Orthic Eutric Brunisols. This soil change often occurs in 
the transition zone between Phyllodoce- and Casstope tetragona- 
-dominated communities. Surface pH values are higher than in the 
Melanic Brunisols and there is less of a pH gradient within the soil 
profile. The surface coarse fraction is also larger. Bm horizons are 
dark brown, thin and sometimes discontinuous. The Orthic Eutric 
Brunisols form a narrow transition from the Orthic Melanic Brunisols in 
the deep, snow accumulating, heath hollows to the Orthic Regosols of 
the surrounding Rock and Shrub Tundra. This soil type is not character- 
istic of any ct and was, therefore, not sampled. 

In general, soil nutrient concentrations are low (Table 14). 
Nitrate (NO) concentration is particularly low, often 0 or 1 ppm with 
a maximum of 10 ppm in one meadow community. Ammonia (NH, ) values 
vary widely, from 0 - 41 ppm. The larger values, for both compounds, 
are mainly characteristic of the surface horizons. Average concentration 
of NO. in Ah or H horizons is 1.6 ppm as compared to 0.8 ppm in 


subsurface layers. For NH, the values are 7.8 and 2.0 respectively. 


4 
The amount of available phosphorus (P) and exchangeable potassium 

(K) in the soil is also small; P achieves a maximum of 15 ppm and K 

a maximum of 0.12 meqg/100 g. The surface horizons have slightly higher 


concentrations than the underlying horizons, 4.5 cf. 3.3 ppm for P, 


and.0.05 cf. 0.03 meq/100: 9) for K. 
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The amount of water held by the soil at 1/3 and 15 bar tension is 
expressed in Table 14 both as a percentage of oven-dry weight of the 
< 2mm fraction, and of the whole soil. The very low values for percent 
water on a whole soil basis are a result of both low moisture retention 
of the < 2 mm fraction and the large coarse fraction present. The 
moisture retention of most samples is quite low; high values are 
obtained only for the surface horizons rich in organic matter. The 
lowest values were recorded for Rock Tundra soils. Combined with 
generally steep slopes, this results in dry soil for much of the growing 
season and significant leaching in times of rain. Poor moisture 
retention is also characteristic of the soils of the Elymus - Mertensia 
and Artemista - Aqutlegta Herb Meadow communities. In the field, 
however, these soils are quite moist due to the concave local topography 
ana the constant suppiy of water ail summer from a nearby snowbank. 
Meadow, Shrub and Heath Tundra soils usually have higher percent water 


values, at both 1/3 and 15 bar tension, than the Rock Tundra soils. 


Meteorological Observations 


The complex topography of the mountain, the steep ridges and 
valleys with different altitudes and exposures, causes some temperature, 
vapour pressure deficit and wind pattern variation in the study area. 
The measurements taken at the single meteorological station, therefore, 
serve only as an indication of the general macrometeorological 


conditions. The study period discussed is June 10 to August 28, 1976. 
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Temperature 


The recording hygrothermograph gave a continuous record of air 
temperature at ground level (sensor at 7 an) for the study period. A 
max-min thermometer was used to help calibrate the hygrothermograph but, 
as the former instrument had to be replaced twice, there were extended 
intervals for which no data were available from it. Therefore the 
hygrothermograph record was used to calculate monthly means of daily 


maximum, minimum and mean temperature, which are presented in Table 15. 


Daily values are shown graphically in Figure 27. 


Table 15. Monthly means of daily mean, maximum and minimum temperatures 
in °C on Prospect Mountain for June to August, 1976. 
Mean Maximum Minimum 
Jimen (TOs 5.0) 4.0 eS (URS) 
Judy (lvee51) 8.0 12.0 Sie) 
Alioust wil aZ5) 7.4 TOR 9 Bid 
June - August Ge 10.6 2.8 


There was little difference in mean daily maximum, minimum and 


mean temperatures for July and August. 


June was considerably colder, 


however, with a mean minimum for the month below freezing, and a 


monthly mean temperature of only 4.0 °C. The maximum temperature for 


the summer, 19 nets occurred on July 16, and the minimum of - 4 °c on 
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June 25. The only period with sustained high mean daily temperatures 
extended from July 31 to August 15. The mean diurnal range was small 
(8.3 eo) and relatively constant for the study period. 

Freezing temperatures were recorded on 26 days during the study 


period; June had 17 days < 0 mai July had 5 and August 4. 


Vapour Pressure Deficit 


Mean daily vapour pressure deficits (VPD's), calculated as the 
average of VPD at 6 hour intervals, were low (Fig. 28). The range 
for the study period was 0 - 10.3 mb with a mean of 2.5 mb. The 
maximum mean daily VPD of 10.3 was recorded on July 16, the day on 
which the absolute maximum temperature of 19 °C was attained. Minimum 
values of 0 mb were noted often, both as individual measurements and 
daily means, usually during and after periods of precipitation. On 
some days, when no precipitation fell, fog and heavy cloud enveloping 
the mountain resulted in a relative humidity of almost 100% and a VPD 
of 0 mb. 

VPD varies with temperature during the day. Highest VPD readings 
occur during periods of high temperature and low relative humidity, 
usually around midday. The absolute maximum VPD value measured was 
14.0 mb, at 1200 hrs on July 16. Night values were characteristically 
lower. 

VPD was lower during June with an average of 1.0 mb. Cool 


temperatures and high rainfall for the month contributed to the low 


values. Daily means exceeded 2.0 mb on only 3 days, June 17, 28 and 29. 


The mean monthly VPD for July was higher at 3.8 mb, due to the higher 


mean temperature and higher maxima recorded. The only extended period 
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with VPD's above average was July 14 to 26 (x VPD = 5.2), which 
coincided with a period without precipitation. The mean VPD for August, 
2.2 mb, is intermediate between the values for June and July; this was 
the wettest month of the 3 but had temperatures equivalent to those in 
July. An above average VPD of 4.6 mb was recorded for the dry period 


of August 11 to 14. 


Wind 


The wind blew almost constantly in the alpine on Prospect Mountain, 
usually from the N or NW but occasionally from the S or SE. Mean 
weekly wind speeds are plotted in Figure 29. Relatively low wind speeds 
occurred in mid-June, mid-July and early August. The mean monthly wind 
speed for June was 14.1 km/hr, for July 12.6 km/hr, and for August 
eel en 

Readings were taken every 1 - 3 days and the wind speed over these 
intervals calculated. The highest wind speeds for such an interval 
were 38 km/hr on July 27 - 28 and 43 km/hr on August 16 - 17. 

Each time the meteorological station was visited the mean wind 
speed over a 10 minute time span was measured. The highest short 
interval reading was 60 km/hr on August 17. Individual gusts were not 
measured. August 14 was the calmest day of the study period and the 


only time the anemometer was observed to be stationary. 


Precipitation 
A total of 287 mm of precipitation fell during the study period: 


72 mm in June, 75 mm in July and 140 mm in August. 


7 . 
Quine) i Fed Pit 


af 


a 


Pat york ceed in . y toa ane 
' ; 7 


j Sere 
r¥ on) ety WA ac 
“* 
‘ : ehtle's 
i 7 : 

; we tif ott bie of BeTyiiso 
7 

1 ‘ > Tr 2 

j : i. 4 hed | v ‘ee 1712 “0 
av, 


eu 
er re 

({ barelsolad ee < sa 

¢ + ¥S ful oo st ~” 

fy. 28.41 fnokerroetaa git amt? 
ege sett svunia OL-s 

‘eok! fo crete 00: omy yrabeor 

syemtny sae eaw OL dough) « POT 


is 
atz od of hoavise4® en Tat noma om 7 
7 


one x 
‘hearted YDwoLge- ens whi tfst o dratiegiserg 26 am 185,20 fs - 


PP = : ‘aa : 
Jecgue OL fa “br hens Of Om ’ 
“nip vi, . — 1 
se } 


a of ne 


i ie a - 


WINDSPEED 


10°" 177 224 8 oe) 2 2) oo S 19 26 


JUNE JULY AUGUST 


Fig. 29. Mean weekly wind speed, Prospect Mountain, summer 1976. 


PRECIPITATION 
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Fig. 30. Weekly precipitation, Prospect Mountain, summer 1976. 
S - weeks during which snow fell. 
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The weekly distribution of precipitation over the summer is shown 
in Figure 30. The only extended period without rain was July 14 - 26. 
The heaviest 2-day rainfall of 55 mm occurred on August 15 - 17, 
culminating a period of heavy and sustained precipitation from July 22 
to August 16. This caused the spring runoff channels on the mountain 
to once again fill with water. Some erosional damage was caused by 
these streams and by Prospect Creek, which became choked with silt. 

Snow fell in all 3 months but did not contribute significantly to 
precipitation totals.) ihe snowtalls observed on June 12, 25, July 27 
and August 17 were light, nocturnal, and soon melted during the day. 

A heavy snowfall on June 17 remained on the ground for 3 days and 
impeded access to the study area. Light snow flurries which melted 
on impact were common during the study period. 

No exact figures are available for annual snowfall at Prospect, 
but the general area receives more than 20 cm (water equivalent; Atlas 
of Alberta 1969). Despite this large amount, the alpine slopes on 
Prospect were snow-free by mid-May 1976, as a result of wind action 
and the overall eastern exposure. Only the heath hollows and snowbeds 
remained covered on this date. Subalpine areas, however, were not 
completely released from snow until mid to late June. 

The monthly precipitation totals for Grave Flats Lookout, 25 km 
to the SE, are very similar to those for Prospect,in 1976 (Table. 16). 
The Grave Flats figures for 1976 are slightly less than the 30-year 
calculated means for the site. It is tentatively concluded that the 
summer precipitation in the study area in 1976 was also slightly 


below average. 


124 


=e bo 


an io Oy 


mane fh 
ih a 7 


fe ‘ : 


py ead : 


ye oa 
uci. ei soemnit it spade abet = 


ab DOLE eo aiier Sea | stats 
eh 20 gonguke eps ec 


Hoke 


5 Qiul qort RobseIGoSNy bockeau ‘ann sat 20: 
 gafayom eid aq. eerutaite Piouies “gubsge odty boats 


‘af beauzs ase Sgombh Leaoteo ts emt. stasew agi 18 


_ 7 a ed oa a 


» dyiw Badoil> smsyad. Seti hosed. yyoqeoy 4 7 
is etudittany tow bip-sad 2ltecm € iis se anes 


| a) 


ng 


OT. yiJim Siihese |= 
a _ 
(Ci, eG gurl anul an bevrsedo al letwode aod?  elero? « 
(sacle | 
; a 
veb cir onich betfom moo? OR « raeuutoa gil erew TE 


vonfamet (2 emit vo Disivena qveaicah 


ce Ps . 30 4 Vergaay a of) L. re | _ 
mi 
tox let moat eRATU? Wale IRE O18 oute si? oO) sage, Oe me 
_ : 
= 


boitoeg Youre ocd? grin cone ae 


teense Leu tot sldalievs ams artge? toece aa 


cAI 


c 0%. dad orom eavioosy e958 teveneg oF 3 at 


’ @ ~@ oP eare thas —— meat 
26s 3 . rpil. 5 a= oii? i | hy ve 4 a 


ot tapomm eyral efit oteqest «(Gort arneaiy ” : 


aotdcg Baty to {veer & ea), Otel s A-bts. yd geri Me Sree pe : a . 


abedwons brs sotiod ast wit vind} sTuehyae nmtapese tiiravo' od? nv! 
ta. oiew (Tevewod ,2EoT2 ginlehts eteD #0. 10 berevea f 


- 


ert Srnl OF bbe Térn-wone govt tomnahin = 

ut 2S .guodoo) 2talt sven tok eleies sokzestghovtg = 

ot slat) MOL at toeqen tes Suuis 03 soitinte. oe oe 

ragy-OE set siuts 2eef lidgele oe aia 0 

ett. ted? aburi spa lov brataas: wt at athe a * basate tn 

yissigile ozls shia ae mt st as — 2 
pea) 


ne 
» eas rn? nae Stary 


Table 16. Summer precipitation totals (mm) for Prospect Mountain 
and Grave Flats Lookout. 


PYOSDeECE Grave Flats? Grave Flats“ 

1976 1976 1941 - 1970 
June aus 50.9° 100.3 
July Tee) TP TET 0 
August IES SI ss: 135.0 90.4 
Total DSI 205.0 S018 


1 alberta Forest Service (unpub 1ished) 


% Environment Canada (1975) 
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B. COMPARISON WITH THE ALPINE TUNDRA OF THE MALIGNE RANGE 


Flora 


Ploristic, Similarity 

Meaningful comparison of floristic similarity between alpine sites 
is often complicated by the use of different criteria for defining the 
alpine zone. For Prospect Mountain, Bald Hills (Kuchar 1975) and 
Signal Mountain (Hrapko 1970), however, the same criteria were used. 
The vascular floras of the two Maligne sites have a high percent 
Similarity (see METHODS, page 24) to each other, 81%, and are equally 
dissimilar to that of Prospect Mountain; 58% for Signal and 56% for 
Bald Hills. 

ihe £lOristressimmMarrty or these thneersites to otfemtilberta 
Rocky Mountain alpine sites, Snow Creek (Beder 1967), Bow Summit (Broad 
1973), Highwood Pass (Trottier 1972), Wilcox Pass (Crack 1977) and Ram 
Mountain (Johnson 1975), was also examined (Table 17; Fig. 31). The 
floristic similarities generally range from 48% to 59%, indicating a 
regional alpine flora common to all. The highest similarities were 
found between Signal and Bald Hills (81%), Prospect and Wilcox Pass 
(68%), and Prospect and Ram Mountain (67%). Sites with low floristic 
Similarity are Bald Hills and Bow Summit (43%), Prospect and Bow Summit 
(48%), Ram Mountain and Signal (49%), and Ram Mountain and Bald Hills 


(49%). 


Distribution Within Families 


The vascular plant species found on Prospect Mountain belong to 34 


families, as compared to 30 for Signal Mountain and 33 for Bald Hills. 
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Table 17. 


|e peas 


Leah 


Percent vascular flora similarity* between Alberta Rocky 
Mountain alpine study areas. References cited in text; 
locations any Fisure. 31. 


Prospect Signal Bald Hills 
(1) Prospect — 58 56 
(2) Signal 58 _ 81 
(3) Bald Hills 56 81 _ 
(4) Ram Mountain 67 49 49 
(5) Wilcox Pass 68 58 57, 
(6) Bow Summit 48 Sys) 43 
(7) Snow Creek 57 50 59 
(8) Highwood Pass 58 52 Sa 


* expressed as 200(species in commun/ total species) 


The geographical locations of the study areas for which 
floristic Simildrity was calculated. Reference numbers’ refer 
towlaplem.7.. 
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Table 18. Species distribution within families in the Prospect (P), 
Signal (S), and Bald Hills (BH) study areas. 


: No. of Species * Total Flora 
Family PROSE Sle eae ee oa 
(2 S BH 2 S BH 
Ophioglossaceae 0 1 1 0 ] 1 
Polypodjaceae ] } 3 1 a 2 
Equisetaceae &) 1 i 2 1 1 
Lycopodiaceae 0 4 4 0 3 2 
Selaginellaceae ni 1 di ig 1 1 
Pinaceae 4 4 4 Z 35 2 
(+ Cupressaceae) 
Gramineae 164, 36a 20 roe MES Se) 
Cyperaceae TAS Plata 7 Sas 
Juncaceae Bi 7 6 2 5 3 
Liliaceae 4 Z i 2 ] J) 
Orchidaceae 1 0 0 1 0 0° 
Salicaceae 9 4 5 5 5 & 
Betulaceac 1 1 1 1 1 t 
Polygonaceae 4 2 3 2 1 2 
Portulacaceae i uh j it 1 1 
Caryophyllaceae 7 6 9 4 4 5 
Ranunculaceae Sy Oo 10 5 6 5 
Papaveraceae 1 0 1 1 0 1 
Cruciferac 16 6. WS 8 4 7 
Saxifragaceae ne Ser | ais 6 6 6 
Rosaceae 10 pia sia 5 5 6 
Leguminosae 1 4 6 6) 5 
Crassulaceae 0 1 0 1 1 
Empetraceae 0 1 1 0 ] 1 
Onagraceae 5 2 6 2 i} 3 
Elaeagnaceze 0 0 0 0 i 
Umbelliferae 1 0 Ht 0 0 
Pyrolaceae 5 4 0 2 S 0 
Ericaceae ee we Tee Dae) ) i] 5 
Caprifoliaceae 1 0 0 1 0 0 
Primulaceae Zz i iL a i 1 
Gentianaceae 5 3 3 2 2 2 
Hyrophyllaceae li 0 0 1 0 0 
Boraginaceae 2 1 ! 2 1 ] 
Scrophulariaceae 8 8 rj 4 5 4 
Valerianaceas L 0 a} 1 0 i 
Campanulaceae 3 2 1 2 i 1 
Compositae wae 20" 30 Lat. re 1S 
Total Species it 6ST 197 


Total Families 34 30 SG 
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The 4 most important families in terms of species richness are the same 
on Prospect and Bald Hills: Compositae, Gramineae, Cruciferae and 
Cyperacese, although) thesorden 1s ditterent on each. On Signal 
Eyveaceae replaces Cruciferae and’ 1s the fourth largest) family. 

The actual breakdown of species into families, both numerically 
and as a percentage of the total flora, is presented in Table 18. Although 
most families make up a similar percentage of the vascular flora in all 
three locations, some important differences should be noted. Prospect 
is completely lacking in members of Lycopodiaceae, whereas Signal and 
Bald Hills have four species each. Prospect also lacks Crassulaceae 
and Empetraceae, families which have one species each at the Maligne 
Sites. Families present in the alpine on Prospect, although in small 
amounts, but absent on Signal and Bald Hills are Orchidaceae, 
Umbelliferae, Caprifoliaceae and Hydrophyllaceae. 

Families which are significantly larger at Prospect, both in number 
of species and percentage of flora, include Salicaceae, Cruciferae 
(cf. Signal only) and especially Leguminosae. Families with the 
graminoid growth-fom,Graminae, Cyperaceae and Juncaceae, form a smaller 
percentage of the Prospect flora. There are also fewer species of 


Ericaceae on Prospect, mainly due to the absence of the genus Vaccinium. 


Phytogeography 


The vascular floras of Signal Mountain and Bald Hills were divided 
into phytogeographical classes as was done for Prospect Mountain (page 37). 
The class assigned to each species is recorded in Appendix III. The 
percentage frequency distributions of the flora in these classes for 


the three study areas are compared in Table 19. 
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Table 19. Frequency distribution of vascular species from the three 
study areas in the major distribution classes. For an 
explanation of the distribution types (1 - 9) see page 37. 


Distribution Type o LOtaey HOTA 


Prospect Signal Bald Hillis 


Arctic-Alpine 


North American (1) 14 10 6 
Circumpolar (2) IS 30 26 
Total 39 40 a2 
Amphi-Beringian (3) 6 ¢ 9 
Cordilleran 
Widespread (4) eS 19 18 
Northern (5) 5 & 3 
Southern (6) 7 9 ivi 
Total 25 sul Ws 
Rocky Mountain Restricted (7) A Z 5 


Low-elevation 


North American (8) 13 5 8 
Circumboreal (9) 14 14 14 
Total Ade 19 22 


Disjuncts yd 5 Z 
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Generali. the ¢requency distributions are very simular. A 
larger percentage of the Prospect flora is made up of low-elevation 
species, mainly North American low-elevation species. The circumboreal 
element is constant. wbor sthe arct1c-4alnine classes, (there 15 ealsoua 
higher percentage of continentally restricted species on Prospect, 
but here the circumpolar element is slightly smaller. There are also 
fewer Amphi-Beringian species on Prospect. 

Overall there are slightly fewer Cordilleran species on Prospect. 
Reduced numbers of widespread and southerly-centered species account 
for this. There is a slightly higher percentage of northerly-centered 
Cordilleran species on Prospect. 

The greatest difference between the Prospect and Maligne areas 
occurs, not for one of the nine basic phytogeographical classes, but 
in the number of species with disjunct distributions. For Prospect 
12% of the flora can be described as disjunct compared to 3% for 
Signal and 2% for Bald Hills. The disjunct species found on Signal 
are Carex petricosa, Ranunculus geltdus, Pyrola grandiflora, Campanula 
untflora and Pedicularts flammea. Bald Hills disjuncts are Carex 
mtsandra, Ranunculus gelidus, Erystmum pallastt and Papaver kluanensts. 
Of these disjuncts only Ranumeculus gelidus and Erystmum pallastit 
aVeunottOUld eater TrospeCtwa f.geltdus 1sea Cordilicrane species, 
scattered throughout its range, and £. pallastt is a circumpolar 


arctic-alpine species with isolated southem populations. 
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Species Richness 


The total number of vascular species reported for Signal and Bald 
Hills, 151 and 197 respectively, are similar to the total for Prospect 
at 191. 

Species richness can also be examined and compared at both the ct 
and quadrat level. The average number of species per ct for each of 
the major vegetation groups common to the 3 study areas are presented 
in Table 20. In most cases the Prospect ct's contain a larger number 
of vascular species. The Prospect and Signal Rock Tundra communities, 
which cover large areas at both locations, have similar species richness 
values. The Heath Tundra communities, which are floristically similar 
for the 3 study areas (see page 144), are very much richer on Prospect. 
The small area covered by each Heath Tundra stand on Prospect results 
in a greater influx of species characteristic of the surrounding 
communities. However, possible differences in the delineation, size and 
sampling intensity of the stands in the 3 study areas must also be 
considered when comparing the values in Table 20. 

Comparison at the 25 X 25 cm quadrat level is less subject to 
deviation due to variation in sampling approach of individual workers. 
The average number of vascular plants per quadrat for the major vegeta- 
tion groups on Prospect and Signal are presented in Table 21; no data 
are available for Bald Hills. The values for the Heath Tundra and 
Snowbed Tundra are almost equal for the 2 areas and those for the Rock 


Tundra and Meadow Tundra are slightly higher at Signal. 
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Table 20. Average number of vascular species per community type for 
the major tundra vegetation groups on Prospect, Signal 
and Bald Hills. 


Prospect Signal Bald Hills 
Rock Tundra 29 Sik 19 
Heath Tundra 39 29 18 
Snowbed Tundra 30 20 14 
Meadow Tundra 43 30 29 


Table 21. Average number of vascular species per quadrat for the 
major tundra vegetation groups on Prospect and Signal. 
Bald Hills data were not available. 


Prospect Signal 
Rock Tundra Ad 6.8 
Heath Tundra 8.6 8.8 
Snowbed Tundra 6.0 6.0 


Meadow Tundra 8.0 LOO 
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High-Presence Alpine Species 


The high-presence species on Signal and Bald Hills are different 
from those on Prospect (see page 36). On Signal Artemtsta norvegica is 
the most widespread species (stand presence = 100%), followed by Saltz 
arettca, Polygonum vitvtparun, Campanula lastocarpa (92%); Potenttlla 
diverstfolta (83%); Saltx ntvalts (75%); Poa alpina, Poa arctica, Dryas 
octopetala and Silene acaulis (67%). 

On Bald Hills Artemista norvegtca is also the most widespread (80%), 
followed by Campanula lastocarpa (70%); Carex nigricans (67%); Antennaria 
lanata, Poa arctica, Festuca brachyphylla (63%); Stbbaldta procumbens, 
Luzula spteata (60%); Carex spectabilts and Potentilla diverstfolia (53%). 
Five of the 10 most widespread species on Bald Hills are graminoids as 
Conpared to 2 for Sisnalmanavonly 1 for Prospect. 

The species which exhibit the highest average stand presence in all 
three areas are Saltx arctica (71%); Potentilla diverstfolta (67%); 
Artemtsta norvegica, Polygonum vivtparum (66%); Salix ntvalts (64%); 


Poa arettca, Poa alpina and Silene acaults (54%). 


Vegetation 


Cluster Analysis 


To study the relative similarities of stands from the 3 study areas, 
their distribution amongst the various clusters of a combined 73-stand 
cluster hierarchy was examined, both overall and at the 8-cluster level. 
The numbers assigned to the Signal and Bald Hills stands for this 
comparative study are presented in Tables 22 and 23. Nomenclature for 


the Signal community types from the most recent treatment of the 
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Table 22. Stand numbers assigned to Signal Mountain community types 
for computer analysis. Community type names are from Hrapko 
(1970); synonymous names from Hrapko and La Roi (1978) are 
added parenthetically. 


1 


2 


Signal Mountain ct (Hrapko 1970) 


Dryas octopetala on scree 
(Dryas octopetala - Oxytropts podocarpa) 


Dryas octopetala - graminoid 
(Dryas octopetala - Festuca brachyphyttla) 


Dryas octopetala - Kobresta bellardit 
(Dryas octopetala - Kobresia bellardit) 


Dryas octopetala - lichen 
(Dryas octopetala - Saltx ntvalts 


Dryas octopetala - moss 
(Dryas octopetala - Pedtcularts capitata) 


Casstope tetragona - Dryas octopetala 
(Casstope tetragona - Dryas octopetatla) 


Dryas octopetala - Empetrum nigrum 
(Dryas octopetala - Empetrum ntgrum) 


Dryas octopetala - Saltx arctica 
(Dryas octopetala - Saltx arctica) 


Casstope mertenstana - Phyllodoce glandultflora 
(Casstope mertenstana - Phyllodoce glandultflora) 


Saltx arcttea - Arctagrostts arundinacea 
(Saltx arctica - Aretagrostts arundinacea) 


Salitx arettea - Antennaria lanata 
(Salttx arcettea - Antennarta lanata) 


Carex nitgrtcans 
(Carex nigricans - Luzgula wahlenbergtt) 


used in this thesis 


used in Hrapko (1970) and Hrapko and La Roi (1978) 
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Table 25. Stand numbers assigned to Bald Hills community types and 
subtypes for computer analysis. 


Stand No.2 
AGA, 45, 49, 50 
45 

44 

VOLES 

i ef ary es 

5A, D5 

69 

BAO oso 

56 


Baldy bisiGtror st iat 


Dryas octopetala - lichen ct 
Dryas octopetala - Polytrtchum ptltferum ct 
Artemtsta norvegtca - Dryas octopetala ct 
Cushion= rese tte «ct 
Casstope tetragona - Dryas octopetala ct 
Casstope tetragona - Phyllodoce glandultflora st 
Leprarta neglecta st 
Phyllodoce glandultflora - Casstope mertenstana ct 
Phyllodoce glandultflora st 
Casstope mertenstana st 
Luetkea pectinata ct 
Artemtsta norvegica - Saltx arettea ct 
Artemista norvegtca - Luzula parviflora ct 
Artemista norvegtca - Anemone occidentale ct 
Artemista norvegtea - Antennarta lanata ct 


Carex nigricans ct 


used in this thesis 


; used in Kuchar (1975); ct's 3, 6 and 7 were not sampled quantitatively 
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vegetation (Hrapko and La Roi 1978) are included. 

The qualitatively based cluster analysis of the 3 study areas shows 
a compositional dichotomy between the Prospect stands and those of the 
Maligne Range (Fig. 32). The magnitude of this floristic difference is 
illustrated by the high coefficient (1.629) at which the 2 main clusters 
finally join. The Signal and Bald Hills stands are mixed, however, even 


at the lowest fusion levels. The 73 stands have formed 8 clusters at a 


coefficient of 0.238. The 31 Prospect stands make up 5-of these clusters 


and the 42 Maligne stands account for the other 3. Of the 5 Maligne 
stand clusters, 1 is composed solely of Signal stands and 2 of both 
Bald Hills and Signal stands. 

A similar dichotomy is not obvious in the quantitatively based 
fusion hierarchy (Fig. 33). Although there is more mixing of stands in 
the quantitatively based dendrogram, most of the Prospect stands are 
Stil) remote from the Maligne stands. Of the’ clusters-fomied at the 8- 
Bolster levels (COGh 1C1eénte—02.51/))5 are composed=entirely of Prospect 
stands. The Dryas tntegrifolta-dominated stands from Prospect cluster 
early and join the other stands of the 3 study areas only with the final 
fusion. The Shrub and Meadow Tundra stands from Prospect also seem very 
dissimilar to any Signal or Bald Hills stands and are separate at the 
8-cluster level. The Phyllodoce glandultflora- and Saltx arettica- 
-dominated stands from Prospect cluster with their counterparts from 
Signal. The Casstope tetragona-dominated stands from all 3 study areas 
cluster to form a major group at this level. The rest of the Maligne 
stands do not cluster with Prospect stands until higher cluster levels. 

Dryas integrtfolta, which is so dominant in so many Prospect commun- 


ities, is completely absent on Bald Hills and Signal, and the reverse 
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Cluster dendrogram of Maligne Range and Prospect stands 
based on quantitative data. 


General composition of theyclusters at the 6-cluscéer dever: 


(1) Prospect — Dryas tntegrifolta-dominated Rock Tundra 
stands 


(2) Prospect — Dryas integrtfolta-dominated Meadow Tundra 
and Shrub Tundra stands 


(3) Prospect and Signal — Phyllodoce glandultflora- and 
Saltx arettca-dominated stands 


(4) Prospect — Saltx barratttana-dominated and Herb Meadow 
stands 


(5) Signal and Bald Hills — Carex nigricans-dominated 
stands 
Bald Hills — Phyllodoce glandultflora- and Luetkea 
pecttnata-dominated stands 


(6) Bald Hills — Artemtsta norvegica-dominated stands 


(7) Prospect, Signal and Bald Hills — Casstope tetragona- 
-dominated stands 


(8) Signal and Bald Hills — Dryas oetopetala-dominated 
Rock Tundra stands 
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is almost true for Dryas octopetala. To study the influence of the 
quantitative contribution of these 2 species on the cluster composition, 
the stands were clustered with them removed (Fig. 34). The greatest 
effect is on Rock Tundra stands. Stands of this group from all 3 study 
areas now fom a single cluster at the 8-cluster level. However, even 
at high fusion levels, the Prospect Meadow and Shrub Tundra stands 
Cluster only with each other. Heath Tundra, Rock Tundra and Snowbed 
Tundra stands of Prospect are grouped with similar stands from the 
Maligne Range at the 8-cluster level, but they maintain their geographic 
integrity at the lower fusion levels and often cause a large increase in 
ESS with fusion. For example, Casstope tetragona-dominated stands 10, 
13, 14 and 23 of Prospect join the C. tetragona stands of Signal and 
balaenaulseat the  lil-clustersievels(coetticient = 12705), and Pay tl todoce 
glandultflora stands 12 and 15 of Prospect join the Signal P. glandultflora 
stands at the high 7-cluster level (coefficient = 2.083). 

Therefore, considering species composition and species structure, 
with or without Dryas species included, and at all fusion levels, most 
Rock Tundra, Shrub Tundra and Meadow Tundra stands on Prospect are 


very dissimilar to those of the Maligne Range. 


Comparison of Ecologically Equivalent Communities 


Using the quantitative and qualitative ct descriptions in this thesis, 
those of Hrapko (1970) and Kuchar (1975), and the cluster analyses of 
the proceeding section, equivalent communities were determined for 
Prospect, Signal and Bald Hills (Table 24). The ecologically equivalent 
communities are of two kinds, floristic and physiognomic equivalents. 


The "floristic equivalents", i.e. ct's similar in physical habitat, 
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Fig. 34. Cluster dendrogram of Maligne Range and Prospect stands 
based on quantitative data without Dryas species. 


General composition of the clusters at the 8-cluster level: 
(1) Prospect, Signal and Bald Hills — Rock Tundra stands 


(2) Prospect, Signal and Bald Hills — Casstope tetragona- 
-dominated stands 


(3) Prospect — Dryas integrtfolta-dominated Meadow and 
Shrub Tundra stands 


(4) Prospect — Salix barrattiana-dominated and Herb Meadow 
stands 


(5S) Prospect — Phyllodoce glandultflora-dominated stands 
(6) Signal — Heath and Meadow Tundra stands 


(7) Signal and Bald Hills — Carex ntgricans-dominated stands 
Bald Hills — Heath Tundra stands 


(8) Bald Hills — Artemista norvegica-dominated Meadow Tundra 
stands 


143 


8 i, Geet y E c | T ‘ou 193SNTD 
| 


STITH Pred 
TeusTsS 


qoodsoig 


iwi 


-----SF 
vy 


co9 Q 


€v8°S 


L88°9 


Le6°Z 


G2£6.3 


020 °OL 


an : without Preyae 9pec ss. 


ign a pect stam 
ene Danse, a. Praspe =e © we 


he Clusters at the(S-ciuiter & 
LHS = toxk Tm ; Sta Z 


- 


i ae 
fogne ic isiate Ls = rs 


Acmeonted 4 % ta) ; 7 TUS: 


so}zyosoL uotTYysnd 


pq Dun} 
Didvuueqzuy - DoIBaatou 01S1Mseqdy 


a7 D.Uapio20 
auowauy - voBaadou v1Simeaqddy 


paozsiaiwpd pynzny - vo1beatou v1siwmeqdy 


ou 
Q%:92 ve2JeUND «17g - vDaLBeAdOU DISIME4ZTY F 
ou 


Lipp7pyedoz00 spay - vorBaadou orsiwequy d 


poqmous v7nznT 
41yorsna Dog 


suvoidb1u xadv) 


Tb: Tv 4s v400760u viapadeyT fF 


pypurzoed Day.zenT 


punrsuaziou 
Ly:ly adorsspg - vaozfiajynpun7z6 eoopozzhyg Ff 


Sb: ¢po70zedo7z00 sphag - vuobpizaz adoisspg J 


xxQNIoS DUuD149DUUDG x1YvG YY 
ou 


€E:eE vor1qeAD x17Dg - DaLHaadOU DISIWeydy YF 


ou 
ou 
ou 
xx¥02SAdqgoy fF 
ou 
ou 
you 
GAL uayor] ~ v704ad0300 sphug d 
sae (SL6T aeypny) ee 
a 22 STITH Pred 


jO Xopuy 


potdues jou 
x% 


quoTeatnbs ou 
* 


xxSgueTd uotysno 


ou 


ou 
ou 


DOEYULPUNAD 
814 80ULD]oay - DOLZeAD x17 0g 


DUSASE DYDUD] VIADUUaZUY 


po1qoun x1zog d 
ou 


ou 


ou 
ou 


supardbru xauDg 


xxS21001U 2210S J 


ou 


paojfrinpuv76 
65:65 a00po17 fiyd - Dupisuazdau adorsspy JF 


04:89%704ad0400 sphaqg - vuobpazay adorssng JF 


ou 


ou 


9¢:0¢ porqedp “170g - D7v}zad0400 svhag 4¥ 


HSE undbru undqzedug - v7pyzadoq00 sphag d 


I 


Zl ptoutwe13 - 07p3ad0400 sphag d 


S222 ssoul - 07047ad0400 svhug d 


Ov: L122p4P11 eq Viseaqoy - v1v7ed0400 svhaq Jj 


xxd0193nNO YDOI 


soTqTUuMMMO) 13410 


ou 


ou 


ou 


ou 
suaosaav7f v1Bazinby - vorbaatou visiwezdy “OT 
p4v] nNo1uod D1sSueqtoy - snqoaouur snwh7Zg “ST 


umurdjp umapshpay - 021,0f2abaquz svhag * pT 
eIpuN], MOpeay 


ou 
ou 
ou 


$1] DA1U £217Dg - D214Z0AD X19 *ST 
eipun], poqmous 


ou 


DUDILSUAZAAU 
adoisspg - rao. fiznpun76 ae0po77 hud *2T 


p1p04ad0400 svfiaqg - vuobpiza4 adorssyg *{T 


eipun], yWeeH 


sndo7f1q]o $n1]]0a] - DuD144baADg L170S * OT 
vuobn1izaq adowsspg - ‘dds 22705 *6 


unurdjo wnadpshpey - vo140aD 211g *g 


p11 0frutbaqur sphig */ 
eipuny qntys 


pso . npun 76 v1 nzag 


11zuayoou umavsfipay - 01170f1aBequr sphaq *9 
puobpajay adoisspg - v170f1itbequr svhag °s 
YS visarqoy’ey 

pvdavoopod sido1zhixg - 01,0f1abequt svhag *p 
po1qodp x17nG - D170f1abaqu1 svhag *¢ 
s1suaxp]D 2170g - D170f1abequr svhaq *7 


s1izsadna wating - v210f1abequ1 svhag *T 
expuny, doy 


ou 
ou 
Tee spue[St 0702ad0400 spfug d 
9:2 uayor] - v7p,ad0400 svhaq d 
ee (oL6T oxdvay) aaG 
sds 39 Teusts 


= 329 yedsoig 


*sodq AZ TUMWMUOD 


*satoads sphag JNoy,IM pue YIM poJe[MTed st (ST) AtaelT Tuts 


qoadsoig 03 JuoTeatnbo (d) AT[TeoTwousotsAyd 10 (J) AT TedTtIsts0TF soddy AZTuMumMMOD a8uey ousTTeEW “pz STqeL 


physiognomy, species composition and species structure, may belong to 
the same or closely related associations. The "association" as defined 
by Flahault and Schroter (1910) and translated by Pavillard (1935) is 
'... a plant community of definite floristic composition, presenting a 
uniform physiognomy, and growing in uniform habitat conditions.'' The 
"physiognomic equivalents", ct's similar in physiognomy and physical 
habitat but not floristics, may belong to the same or closely related 
formation. However, the ''formation'', a vegetation classification unit 
defined by physiognomy and structure, particularly growth-form (Beard 
1973), is more generally used on a continental scale than the regional 
one considered here. To determine the degree of floristic similarity 

of these ct's, the quantitative index of similarity (IS; see METHODS) 
was calculated, with and without Dryas spp., for equivalent ct's between 
Prospect and Signal SS and Prospect and Bald Hills es and is 
presented in Table 24. 

Rock Tundra 

The Rock Tundra communities of all three study areas are strongly 
dominated by Dryas spp., D. tntegrtfolta on Prospect and D. octopetala 
on Maligne. Because of the sharp difference in dominant species, most 
Rock Tundra communities are physiognomically but not floristically 
equivalent. 

The Dryas integrifolta - Carex rupestris ct of Prospect is 
physiognomically equivalent to the Dryas octopetala - lichen ct's of 
Signal and.Bald Hills. All are found on dry, rocky, .exposed.slopes 
and ridgetops, often with patterned ground. Floristically they are very 


dissimilar, even when the dichotomizng effect of the Dryas species is 


145 


_ 
{ ¥ 
ri > sianko anima er 
«i a se oa 
a 
‘okey, i emus cto iManao ips abeiaitpe 
ang 
' tolgd Vem yaoksebrare = 
if é., eLTe wor" ods ies a | ae 
Ms ated $2 Dts vrenagoke - rig} i be . 
ory iis 4 
ae: » bee ye ae | mb ial 
eniuveyen oF ened tn : ben Oo 
fctesitmamp oat yeldo g2eih 
a 


qne saved suche bap slow betel pie 


Pys 


badge? ing ie bs 
- t “> : , - 

26S aae TY et oh Si ae 

| a, ; 
Ch i 


> ee 


. satin 

Thumm eb le 

ws 0, eRe seh hil a ete 

32h qrade’ emg Go — ane 


rt ticisormoateaiy at sheen ie 
' - Sm caf | ye 7 
na 


cy Gemecet sevt « sitctigeink mm As 
: : + tr 2 aah? og aren umm 
lao? sre. an wet 


146 


removed (Table 24). The Arctostaphylos uva-urst st described for Bald 
Hills is similar to the A. uva-urst st on Prospect, although it is much 
less common and lacks the pronounced terraced topography of the latter. 

Dryas octopetala forms discrete islands on scree slopes on Signal 
and Bald Hills, just as D. integrifolita does on Prospect. These islands 
were sampled separately on Signal but were included in the Dryas octopetala- 
= Jichén ct for Bald Helis. However, the other Species inhabiting these 
Dryas mats are very different in the two areas and the IS between the 
Signal Dryas oectopetala islands ct and the Prospect Dryas tntegrifolia - 
- Saltx alaxensis islands ct is very low (3% with and 11% without Dryas). 

The Dryas tntegrtfolta - Casstope tetragona ct on Prospect is 
physiognomically equivalent to the Dryas octopetala - moss ct on Signal; 
no equivalent was described on Bald Hills. The Dryas octopetala - moss 
ct is found on rocky solifluction microterraces on Signal which are 
comparable to the stone steps and small solifluction terraces of the 
Dryas integrtfolta - Casstope tetragona ct. C. tetragona and Salix 
arcttca occupy depressional areas in both ct's and mosses are abundant 
under the shrubby vascular layers. A low IS of 7% with Dryas is increased 
to 25% without Dryas as the 2 ct's have many common species. 

The Dryas integrifolta - Oxytropts podocarpa ct has no equivalent 
on either Maligne study area, but the Kobresta bellardit st can be 
considered floristically equivalent to the Dryas octopetala - Kobresta 
bellardit ct of Signal and the described, but not sampled, Kobresta ct 
of Bald Hills. The Kobresta bellardit st has a fairly high IS of 40% 
(without Dryas) to the Dryas octopetala - Kobresta ct, because of its 


high Kobresta cover; associated species do vary significantly. When all 
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the stands of the Dryas integrtfolta - Oxytropts podocarpa ct are 
considered, however, this IS drops to 18%. The Dryas octopetala - 

- Kobresta and Kobresta ct's have characteristically lower species rich- 
ness, lower species vitality, and a harsher physical environment than 
the Kobresta st on Prospect. The Dryas integrifolia - Oxytropis 
podocarpa ct as a whole is more mesic, with a higher bryophyte cover, 
higher species richness and more heavily vegetated stripes and terraces 
than the Maligne Kobresta communities. 

The Dryas tntegrifolta - Hedysarum mackenzit ct on Prospect is 
physiognomically equivalent to the Dryas octopetala - graminoid ct on 
Signal. Both are characterized by an almost continuous Dryas mat with 
an open layer of graminoids above. However, the species encountered are 
completely different. On Signal Dryas octopetala is found in association 
with Festuca brachyphylla, Agropyron latiglume and Carex petrticosa, 
While on Prospect the Dryas integrtfolta is mixed with Carex rupestris, 
C. sctrpotdea, C. nardina and C. petrtcosa. As well, Hedysarum mackenatit, 
which is not found in the Signal study area, is the subdominant in the 
Dryas integrtfolta - Hedysarum mackenzit ct on Prospect. The low 
floristic similarity is shown by the low Le = 1% with, and 2% without 
Dryas included. 

The Dryas tntegrtfolta - Saltx arctica (sandstone scree) ct on 
Prospect has no equivalent on Signal or Bald Hills. The Dryas octopet- 
ala - Polytrichum piltferum ct of Bald Hills has no alpine equivalent 
on Prospect but it was found in the forest tundra zone which was not 


sampled on Prospect. 
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Shrub Tundra 

The Dryas tntegrtfolta - Betula glandulosa ct on Prospect has no 
floristic equivalent on either Signal or Bald Hills. The Dryas 
octopetala - Empetrum ntgrum ct occupies small solifluction terraces on 
Signal as on Prospect, and is dominated by low shrubs, and as such could 
be considered to be physiognomically equivalent. The dominant shrub 
species in each ct is absent from the other and indeed £#. ntgrum is 
completely absent from the Prospect study area. Betula glandulosa- 
-dominated communities have not been found in either of the Maligne 
study areas, though the species occurs in small patches above timberline 
tiere wG. ba Rov ipers scons jo ine Ws Cia? cn1s Sill larsto. the 1S or 
physiognomically equivalent Rock Tundra communities. 

The Saltx arettea - Hedysarum alpinum ct of Prospect is similar to 
two Maligne ct's. The Dryas octopetala - Salix arctica ct on Signal 
Scoupies: the sane habitatwa.ce. larce solitluction risers, and 1s: quite 
PLOrastical ly similar vere = 30%). The Bald Hills Artemtsta norvegteca - 
- Saltx arettca ct, also similar floristically Gere = 33%), is generally 
found on gentle well-watered slopes, although elements of this ct some- 
times occur at the base of solifluction risers. The risers themselves 
on Bald Hills are covered with the Artemtsta norvegtca - Antennarta 
lanata ct which is dissimilar in species composition, structure and 
physiognomy and was therefore rejected as an equivalent in favour of the 
Artemisia - Salix aretica ct. As well as having a high cover of Saltx 
arctica, all three ct's are rich in showy herbs and have a high vascular 
plant cover. Hedysarum alpinum, which is the subdominant on Prospect, 


does not occur in this ct on Signal and was not found in the Bald Hills 
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study area. 

The Saltx barratttana - Trollius albiflorus ct covers significant 
areas of alpine streamsides and slopes bases on Prospect, and is 
floristically equivalent to the Saltx barratttana scrub ct described for 
Bald Hills, where it is more commonly found below treeline. 

The Saltx spp. - Casstope tetragona ct of depressional areas on the 
lower alpine slopes of Prospect has no Maligne equivalent. 
Heath Tundra 

The Heath Tundra Group has floristically equivalent ct's on the 
Maligne Range and Prospect. The Casstope tetragona - Dryas octopetala 
ct on Prospect is very similar to the Casstope tetragona - Dryas 
octopetala ct's on Signal and Bald Hills, including the Casstope 
tetragona - Phyllodoce glandultflora st on Bald Hills. All are found in 
similar habitats and are highly similar in species composition and 
SERICLUT Cael: = 086.4 LS 


ps pb 
The Phyllodoce glandultflora - Casstope mertenstana ct, of deep 


= 43%). 


snow accumulation areas on Prospect, is floristically equivalent to the 
Casstope mertenstana - Phyllodoce glandultflora ct, including the 

C. mertenstana and P. glandultflora st's, on Bald Hills. Although small 
patches dominated solely by C. mertenstana or P. glandultflora were 
found on Prospect, they were not sampled separately. The three ct's are 
Similar in species composition and structure (Ss = 59%; aeob = 47%). 
This community is restricted to small depressions on Prospect but covers 
extensive areas in the Maligne Range, especially on Bald Hills. 


The Luetkea pectinata ct on Bald Hills has no Prospect or Signal 


equivalents and Luetkea itself has not been found in the latter two study 


areas. 
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Snowbed Tundra 

The sole snowbed community on Prospect, the Saltx arettca - Salix 
Mivaiis Ct, most closely resembles: the Salzz nivalrs ct described for 
late snow release sites on Signal. As no quantitative sampling was done 
Peretne facter Cl, noml> can pe calculated. § lhe Leprarza neglecta st of 
the Casstope tetragona - Dryas octopetala ct on Bald Hills is also very 
Similar ee = 41%). ~- Both this st and the Prospect snowbed ct are 
found in depressional areas of late snow release, have fine soil covered 
by crustose lichens, have Saltx arettca as the dominant vascular plant, 
and have other common species as well. Therefore they are designated 
as floristically equivalent communities. 

The most common snowbed community in the Maligne Range is the Carex 
ntgrtcans ct, which was not found on Prospect Mountain; C. ntgrtcans 
itself was absent from the study area. Two minor snowbed types described 
Putesnow sanpled for Bald Bilis, tie Luzuia and Poa custekt7, cts, are 


also absent on Prospect. 


Meadow Tundra 
The Dryas tntegrtfolta - Hedysarum alpinum ct on Prospect is 

physiognomically equivalent to the Artemtsta norvegtca - Dryas octopetala 
ct of Bald Hills. They occur on topographically similar sites and have 
similar physiognomies ~ a nearly continuous Dryas carpet with an open 
herb layer above it. Floristically they are dissimilar, NONE Ce = 

$ with, and 7% without Dryas). The Dryas integrtfolta - Hedysarum 
alpinum ct also differs in having a more mesic habitat, higher bryophyte 


cover, and more species-rich herb assemblage. The Prospect ct has been 


classified as a Meadow Tundra community in the Dryas Meadow Subgroup, 
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but both it and the Bald Hills ct could also be considered as inter- 
mediates between the Rock Tundra and Herb Meadow Groups. 

The Artemista norvegtca - Aquilegta flavescens ct is physiognomic- 
ally equivalent to the Saltx arcttca - Antennarta lanata ct on Signal 
and floristically equivalent to the Artemista norvegica - Salix arctica 


ct on Bald Hills. Found on gentle slopes with a constant water supply, 


all have lush herb cover and similar species compositions. The Artemisia - 


- Saltx arettca ct has a higher similarity ie = 26% cf. se = 11%) 
due to the high cover of Artemista. The Artemista - Saltx aretica ct 
was also considered equivalent to the Prospect Saltx arettca - Hedysarum 
alpinum ct on the basis of numerous common subdominant species. 

The other Artemtsta norvegtca-dominated ct's on Bald Hills, 
Artemista - Lugula parviflora, Artemista - Anemone occidentalts and 
Artemtsta - Antennarta lanata, have no Prospect equivalents. The Signal 
Saltx arettca - Arctagrostis arundinacea ct, found in mesic-hydric sites, 


has no equivalent either. 


Other Communities 
The rock outcrop ct described for Prospect is floristically 
equivalent to the cushion plant ct described for sandstone rockfaces on 


Signal, and the cushion rosette ct sampled on Bald Hills. All have 


Similar habitats, low total plant cover, and similar species compositions. 


Indirect Ordination 


Stands of the three alpine study areas were ordinated together to 
elucidate environmental gradients which may partially account for 


differences between conmunities from Prospect and the Maligne Range. 


el 


a= 


Souss ite oo boas fact! esti ; Set Ss) ns at 


73 oe juan cod Oz! 


i 
yey | ge 
= 


‘f ii? & 

; rs r) “yt ole p et we: perks ; wes aa ~ an 
: “e's wees noth att bint 

7 rr ~* ¥ _ stot 7 fe od Ty 


oie werk Thos of suid 


ness Inacd setimte tes ever ¢ 
7) oe 


° ° wa 
) Wittelsme wtald & 2 a_i eose 


wielsanth ito <8vo das “ult 


20% it o} Srefevinpe bo: nee os © 


ear’ ¢ oy ae 


oe orotresih yas. - 


‘ ieed clue = 
; y 
isthe SAAB OR = sok 


& +: as =_f 3 oth > wait a 7 
~ ; 


tenis Jimmi avs 


_ 

patti: 

7 : = 

mo MSeali9ee> 35 gyrate Aa07 


yoeah so. Inaltg irodrlats og a? taalewks 
a _ 
i“ >a) O9e 
mo be iy | oO 7Se7) AOENaa ot. ad 
; s ali 
ue ,isvo> consid Ievod wok ,e7es2 


ve — o. wr . 4 
Pa ae ASS 5 vbore Hye » Oph o ae 


iA. Re 
a zfret 73 Lezmecmori ens 


wer) 


152 


The coerfricient of community (CC; see METHODS page 30) matrix 
provided the best separation of stands and was used for the final 
Ordination (Figs. 35). 

Prospect Stands, with the exception of those (in the Heath “and 
Snowbed Tundra groups, are well separated at the bottom of this ordination 
(Fig. 36). At the top of the ordination field many Bald Hills stands 
are also well separated. In the central area, stands from all three 
study areas overlap. 

A number of environmental factors were plotted on the ordination, 
and of these soil pH and soil moisture retentivity showed the best 
Bet velat tone o011 -SUrtace’ piieincreases trom top to bottom (Fie. 37), 
from the Bald Hills stands to those from Prospect. Soil moisture 
retention under 15 and 1/3 bar tensions, and % available moisture (1/3 - 
15 bar) all increase towards the top of the ordination. The ordination 
of available moisture values is shown in Figure 38. Unfortunately no 
moisture retention values were available for Bald Hills stands. 

Available soil nutrients, texture and >2 mm fraction; and total 
vascular, bryophyte, and lichen cover were also plotted but showed no 
correlation. Comparable snow release dates or field soil moisture 
levels were not available from all three sites and therefore could not 
be plotted on the ordination. 

Both indirect ordination results and field observations indicate 
that soil pH and moisture content are strongly associated with the 
distribution of stands on the landscape. Available moisture is perhaps 
not the best reflection of field soil moisture content. In addition, 


missing Bald Hills data make it unsuitable for use as a gradient. 
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Pilo.moo. bay Cuttis ordinaczon ot Prospect, (nosi..1-51), Signal 
| (nos. 32-43) and Bald Hills (mos. 44-73) stands using the 
Coefficient of community (see METHODS, page 30). X and Y 
loci of stands given in Appendix V. 


Fig. 36. Distribution of Prospect (e), Signal (0) and Bald Hills (4) 
stands on the Bray-Curtis indirect ordination. 
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ae 53 


ACIDIC 


Pe. os228 pH ofsupper soil horizon on the Bray-Curtis indirect 
ordination of Prospect, Signal and Bald Hills stands. 
A dash (-) denotes no data available. 


Fig. 38. Available soil water expressed as a percentage of whole 
soil on the Bray-Curtis indirect ordination of stands. 
A dash (-) denotes no data available. 
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Moisture indices and direct ordinatim methods provide an alternative 
method for examining the placement of stands almg complete soil pH 


and moisture axes, 


Direct Ordination 


Ordinatios using weighted moisture indices (WMI) and unweighted 
moisture indices (UMI) as me axis, and soil pH as the other (see 
METHODS, page 31) are similar and therefore mly that based on WMI's 
is shown (Fig. 39). The stands' WMI's range from 1.7 to 3.5; there are 
no stands at the hydric end of the gradient. Once again Prospect 
stands are almost completely separated from the others (Fig. 40), mainly 
on the basis of soil pH. 

All three study areas have similar ranges alog the moisture grad- 
gent, but Prospect stands extend a little farther anto the driest end 
of the scale. WMI increases as soil pH decreases for Prospect stands. 
This trend was not observed for the Signal or Bald Hills stands, however. 
Mem aresubt, the Prospect standsrat thesmesic end ofthe gradient are 
Situated closer to the Maligne Range stands than are those at the xeric 
end. This agrees with the results from the IS matrix and cluster 
analysis which showed the mesic Heath Tundra and Snowbed Tundra commu - 
ities to have the greatest similarity between the two main study areas. 

The quantitatively basedjclusters at the 8-cluster level (Fig. 33, 
page 140) separate reasmably well m the ordinatim (Fig. 40). However 
same clusters at the mesic end of the ordination do not form cohesive 


groups. In particular stands dominated by Casstope tetragona, Phyllodoce 
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Fig. 40. 


pH OF UPPER SCIL HORIZON 
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WEIGHTED MOISTURE INDEX 


Direct ordination of Prospect, Signal and Bald Hills stands 
in relation to soil pH and weighted moisture index. 


WEIGHTED MOISTURE 


3.0 
MESIC 


INDEX 


Distribution of Prospect (e), Signal (o) and Bald Hills (vw) 
stands on the direct ordinatio, with quantitative clusters 
at the 8-cluster level circled and numbered (see Fig. 33, 


page 140). 
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glandultflora and Saltx arctica, which show considerable physiognomic 
and ecologic similarity in the three areas, are widely separated on the 
ordination field. Thus similar ct's do not necessarily have similar WMI 
and pH ranges in the three study areas. Therefore these two factors may 
not exert as much influence on the distribution of these ct's on the 
landscape. Some other environmental factor, e.g. snow depth, may be 
more, closely frrelated, 

Individual species distributions are more closely related to these 
axes (Figs. 41 - 44). The direct ordination can be used to determine 
the optimum environmental conditions of species. Of particular interest 
are the quantitatively important species which distinguish the two 
main areas, i.e. those which are dominant or play an ecologically 
Significant role in one area but not the other. A knowledge of their 
environmental amplitudes or fundamental niches would help explain their 
relative abundances in the two ranges. 

Dryas tntegrtfolta and D. octopetala are of particular interest as 
they characterize so many Rock Tundra communities in each area. Dryas 
integrtfolta (Fig. 41) reaches its highest prominence on dry, alkaline 
Sites.) Dut asealso £ound inethesmost. mesitegsites at the higher pls. 0D. 
oetopetala (Fig. 42) reaches its optimum at a much lower pH and slightly 
higher WMI than does D. tntegrifolia, and is absent from the mesic sites. 
D. octopetala does occur sporadically on some sites with a higher pH. 

Artemtsia norvegtca (Fig. 43), which is so common on Signal and 
Bald Hills, attains its highest PV's in the middle of the pH gradient 
at the mesic end of the ordination, but it is widespread at lower PV's. 


It is absent only from the drier, high-pH stands. 
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Dryas tniegrifolia 
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Fig. 41. Distribution of Dryas tntegrtfolta coded PV's on the 
Ginecol ordination. sbor Vi codessec paves 29. 
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Fig. 42. Distribution of Dryas oetopetala coded PV's on the 
direct ordination. For PV code see page 29. 
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Fig. 43. Distribution of Artemisia norvegtea coded PV's on the 
directsordinats on. bor LV. code see page 29. 


Salix arctica 
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Fig. 44. Distribution of Salix aretica coded PV's on the direct 
ordination. For PV code see page 29. 
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Saltz arcttea (Fig. 44) is also widespread and ecologically 
Significant. It has no obvious optimal area on the ordination, and 
achieves high PV's in stands covering most of the sampled range of soil 
pH and moisture. It is consistently low in prominence or absent only 
from the driest stands with a high pH. The prevalence of the drier, 
high-pH stands on Prospect may account for the restricted distribution 
of Artemtsta and Saltx arettca there. 

The distributions of some notably disjunct species are plotted on 
the direct ordination to determine if they have specific ranges of soil 
pH and moisture which might help to explain their presence on Prospect 
Mountain. The disjunct species with narrow distributions on the 
ordination, reflecting a narrow ecological tolerance, are of greatest 
interest. Figures 45-47 show the distribution of 18 of these species 
on the ordination. 

No single stand contains all or even a large number of these dis- 
junct species. Although most of the 18 species are found in the drier, 
more basic upper left part of the ordination, and thus overlap over 
Pare Of thepr range, no 2Zeor them exhibit exactly thessame distribution 
on the ordination. Carex petricosa has a wide pH range but a narrow 
moisture range. Pedicularis flammea, Saltx alaxensis, and Oxytropts 
jordalit are found at the centre of the moisture gradient in addition 
Boutne xeric end. 

Androsace chamaejasme (Fig. 48) and Smelowskta calyeina occur over 
the entire moisture gradient but reach their peak abundance in the drier, 
basic stands. Therefore the disjunct species are restricted to, or reach 


their maximum prominence, in the drier, more basic sites, although no 
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Fig. 45. Distribution of some disjunct species on the direct 
Ordination. Presence only is plotted. 
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Fip, 46. Distribution of some disjunct species on the direct 
ordination. Presence only is plotted. 
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Androsace chamaejasme 
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Fig. 48. Distribution of Androsace chamaejasme coded PV's on the 
directaotination. For PV, code see page 29. 
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specific stand is favoured. 


Transects 


Comparing equivalent transects is one method of comparing the inter- 
relationships and distribution of ct's on the landscape in different 
Study areas. On Prospect two transects were sampled. One traversed a 
series of Dryas tntegrtfolia-dominated communities and the other 
followed a snowmelt gradient. Similar transects are described for Bald 
Hills by Kuchar (1975). On Signal, however, a single transect was run 
over the entire mountain from N to S (Hrapko 1970). Segments of this 
extensive transect can be examined which correspond to those on Bald 
Hills and Prospect. 

On Prospect the first transect crosses three main Dryas integrifolta- 
-dominated ct's with an increase in elevation on a NW slope: Dryas 
tntegrtfolta - Betula glandulosa, Dryas tntegrifolta - Casstope 
tetragona, and Dryas tntegrifolta - Carex rupestris. The Bald Hills 
transee crosses only ones ct, ics Ccropetara - lvchen, and there 1s 
little elevational change. As the Rock Tundra communities on Prospect 
and Bald Hills have been shown to be physiognomically equivalent only, 
desisenot surprising that there isiittle correspondence at. the (transect 
level. On Signal it is possible to delineate a small transect 
traversing mainly Rock Tundra communities on an elevational gradient on 
the N slope. This transect does not have as great an elevational change 
over its length as the Prospect transect (10 cf. 25 m) and starts at a 
higher elevation (2190 m ASL cf. 2034 m ASL). These two transects are 


compared in Figure 49. The Signal transect originates in the Casstope 
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Dryas integrtfolta 
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Fig. 49. Comparison of Dryas-dominated transects on Prospect and 
Signal Mountain. 
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tetragona - Dryas octopetala ct, crosses the Dryas octopetala - moss ct, 
and ends in the Dryas octopetala - lichen ct. The upper two ct's in the 
Signal and Prospect transects are physiognomically equivalent (see Table 
24, page 144), but very different floristically. Below these Rock 
Tundra communities on Signal is Heath Tundra cf. Shrub Tundra on 
Prospect... The-distribucvonvor the lower two cts on thessignal transect 
is greatly influenced by microtopography as well as elevation. The two 
ct's often intergrade with the Dryas octopetala - moss community on the 
more exposed sites and the Casstope tetragona - Dryas octopetala ct in 
depressional areas (J.Hrapko pers. comm.). The complete mountain 
transect for Signal shows that Heath Tundra occurs commonly and often 
dominates from 2190 m down to 2090 m ASL. On Prospect Shrub Tundra 
covers the |zone between the origin of this transect and¥treeline. 

The transect along a snowmelt gradient on Prospect (Fig. 50) 
originates in Dryas integrtfolta - Hedysarum alptnum Meadow Tundra, 
crosses Phyllodoce glanduliflora- and Casstope tetragona-dominated Heath 
Tundra communities, and terminates in Dryas integrifolta - Oxytropts 
podocarpa Rock Tundra. Although the meadow is in the bottom of the 
depression, the snowpack against the walls of the depression melts later 
and therefore the heath communities are released iater. On Bald Hills 
a Similar transect originates in a Carex nigricans snowbed community, 
crosses Luetkea pectinata-, Phyllodoce glanduliflora- and Casstope 
tetragona-dominated Heath Tundra communities, and ends in a Dryas 
oetopetala-lichen Rock Tundra community. On Signal a transect out of a 
nivation hollow crosses Carex nigricans, Saltx arctica - Antennaria 
lanata, Casstope tetragona - Dryas octopetala and finally Dryas 


octopetala - moss communities. 
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Comparison of snowmelt coenoclines fron transects surveyed on Prospect, 


Signal and Bald Hills. Tundra groups are Rock (R), Heath (H), Meadow (M) 
and Snowbed (S). 
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The three transects are similar in many ways, with the greatest 
difference expressed in the Snowbed communities. In terms of relative 
snow release date, communities released later than Heath Tundra are not 
represented in the Prospect transect. These areas contain Carex nigricans 
and Luetkea pectinata communities on Bald Hills, and Carex nigricans and 
Saltx arcttca - Antennarta lanata communities on Signal. Areas released 
later than the heath communities on Prospect are usually occupied by the 
Saltx arctica - Salix ntvalts ct. This ct is found in deep bowl-shaped 
depressions surrounded by Rock Tundra or Shrub Tundra and there are no 
Characteristic coenoclines corresponding to snow release date associated 
With these snowbeds. 

Heath Tundra components are similar for the three transects. 
Although the Phyllodoce glandultflora - Casstope mertenstana ct does not 
occur on this selected segment of the Signal transect, it does occur 
infrequently on the snowmelt coenocline there. In all cases the Casstope 
tetragona - Dryas octopetala ct grades into an earlier-released Rock 
Tundra community. 

The Dryas integrifolta - Hedysarum alpinum meadow at the base of the 
snow accumulation hollow on Prospect has no equivalent on either Signal 
or Bald Hills. The Saltx arctica - Antennaria ct 1s unique to the Signal 
transect and ecologically equivalent to the Luetkea pecttnata ct on the 
Bald Hills transect. Antennarta lanata and Saltx arettca are both 
Significant components of the Heath communities on Bald Hills. Antennarta 


lanata was not sampled on the Prospect transect. 
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Soils 


The soil characteristics for the three areas are compared in Table 
25. Prospect soils are more basic than those of the Maligne study areas, 
RUC epu Sevan ginge trom so. O utc net ye, OutOn Ou tOrabald.Wilhiseand, 4.5 
to 6.5 for Signal. Mean pH values further emphasize this difference; 
Prospect sols average 7.2, o1pnal 4.9° and, Baldyhiits 5.5.08 heap 
difference is a result of the difference in parent materials - limestone 
colluvium on Prospect, shale and conglomerate glacial till and bedrock 
on Bald Hills, and sandstone and conglomerate bedrock and glacial till 
on Signal. 

Regosolic soils are common to all three areas. Gleysols and Humic 
Gleysols, described for the wettest locations on Signal and Bald Hills, 
were not encountered on Prospect. Dystric and Sombric Brunisols, found 
on Bald Hills and Signal respectively, are acid and not found on Prospect. 
Eutric and Melanic Brunisols, more basic in nature, are found on Prospect 
and Signal, but not on Bald Hills. 

Mean nitrate concentrations are low and similar for all three study 
areas. There is more variation in phosphorus concentration, with Prospect 
soils at the lower end of the scale, having the narrowest range and the 
lowest mean concentration (3.9 ppm). Bald Hills soils have considerably 
higher phosphorus concentrations than either of the other two areas, with 
a mean concentration of 16 ppm. Potassium totals could not be compared 
aS available K was measured for the Maligne study areas and exchangeable 
Mmeror Prospect. 

Available moisture values were not calculated for the Bald Hills 


SOils; Prospect and Signal soils have similar available moisture ranges. 
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Table 25. Comparison of some characteristics of the soils of Prospect, 
Bald Hills (Kuchar 1975), and Signal (Hrapko 1970, Hrapko and 
La Roi 1978). Means and ranges are for all soil samples anal- 
yzed for each area. 
Characteristic Prospect Bald Hills Signal 
Main Parent limestone glacial til} bedrock 
tad Sa eee bedrock glacial ci bl 
shales and sandstone and 
conglomerates conglomerates 
5011 Great Regosol Regosol Regosol 
aleee Humic Gleysol Gleysol 
P Regosol Humic Humic 
BUerac Gleysol Gleysol 
Brunisol Dystric Sombric 
Melanic Brunisol Brunisol 
Brunisol HUCK IC 
Brunisol 
Melanic 
Brunisol 
pH ( in water) 
range SI > rela sl Sele ee cays A Oso 
mean Lap AS9 SiS 
Nitrate (ppm soil) 
range eu) Oe ae Oo yall 
mean ee LG 240 
Phosphorus (ppm soil) 
range Ohad Soe) aaa Oe ran 
mean S55) 16 4.7 
Available Moisture (mb) 
(4 O.D. <2 mm) 
range 6 - 48 — 4a= 55 
mean L6zS 19.6 
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Meteorological Observations 


Some difficulties arise in attempting to compare meteorological 
observations from the three areas (Table 26). Prospect data are for 
1976 only, and there are no comparable data from Signal or Bald Hills 
for that year. In general Signal data are also for a single year, 1967, 
which was abnormally warm and dry (Hrapko 1970). Harter (pers. com.) 
has calculated summer precipitation 'normals' for the Signal alpine 
based on the relationship between the precipitation totals for Signal 
aidrJasper townsite for a 5-year period (1975 - 1975) applied to the 
30-year precipitation normals for the Jasper townsite. These are 
provided for comparison, as an estimate of the amount of precipitation 
usually received on Signal. Bald Hills data are the means for a 3-year 
period (1968-1970). 

The most significant differences are between the summer precipitation 
totals for the three sites. Even allowing for yearly fluctuations, 
Prospect clearly receives much more precipitation in July and August than 
either of the Maligne sites. Comparison of the 1976 Prospect precipitation 
totals with long-term records from the nearby Grave Flats Lookout (Table 
16, page 125) indicates that this was not a year of abnomally high 
precipitation. 

The mean, mean maximum and mean minimum daily temperatures for 
July and August on Prospect are intermediate between those of Signal and 
Bald Hills. The warm, dry weather on Signal in 1967 is reflected in the 
higher temperatures recorded there for all three categories. 

The abnormally warmer and drier 1967 weather on Signal is reflected 


in the higher VPD's there. The mean VPD's for Prospect and Bald Hills 
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Table 26. Comparison of July and August meteorological observations 
for Prospect (1976), Bald Hills (1968-70, Kuchar 1975), and 
Signal (1967, Hrapko 1970; calculated normals, Harter pers. 


comm.) . 


Precipitation (mm) 
July 
August 
Total 


Temperature Gs 
mean 
July 
August . 


mean maximum 
July 
August 


mean minimum 
July 
August 


Vapour Pressure 
Deficit (mb) 
mean 


July 
August 


absolute maximum 


Mean Wind Speed (km/hr) 
July 
August 


Prospect 
(1976) 


75 
140 
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are Similar. The maximum VPD measured on Prospect in 1976 (14 mb), however, 
is lower than the maxima from either Signal (22 mb) or Bald Hills (17 mb). 

Mean monthly wind speeds are higher on Prospect. Bald Hills has 
the lowest mean wind speeds about half the velocity of those on 
Prospect. 

Winter meteorological data are not available for the three study 
areas, however a visual comparison of the snowpack present at these sites 
on May 18, 1976 showed the snow in the alpine on Prospect to be restrict- 
ed to depressional areas, while the alpine areas of both Signal and 


Bald Hills were almost completely covered with snow. 
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DISCUSSION 


The vegetation and flora of an area can be said to be products of 
environmental and historical factors. In characterizing the vegetation 
and flora of Prospect Mountain, and in comparing them to those of 
Signal Mountain and Bald Hills, climatic, edaphic and historical factors 
are considered. In order to fully discuss these factors they must be 


treated both separately and as an integrated whole. 


Climatic Factors 


Several climatic factors have been suggested as factors controlling 
the distribution of alpine vegetation in different geographic locations. 
Bliss (1969) found wind to be central in controlling vegetation patterns 
in the alpine of New Zealand, snow to be most important in the Olympic 
Mountains of Washington, and atmospheric moisture in the Presidential 
Range of New Hampshire. In the Alberta Rocky Mountains, Beder (1967), 
Hrapko (1970), Broad (1973) and Kuchar (1975) have found snow cover 
and snow release date to be the primary factors, while Trottier (1972) 
suggests that the distribution of plant associations at Highwood Pass 
is controlled by wind exposure, snow cover, temperature and soil 
moisture. 

The major difference in the meteorological observations made at 
Prospect, Signal and Bald Hills was for precipitation, with Prospect 
receiving significantly larger amounts during the summer (Table 26, 
page 171). Powell and MacIver (1976) also recognise this trend, 
reporting higher summer precipitation values for the foothills area 
surrounding Prospect which decrease steadily towards the Jasper town- 


Site and the Maligne Range. Increased precipitation levels are reported, 
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however, for sites west of the Jasper townsite. On Prospect the very 
steep slopes and abundant coarse colluvial material promote rapid 
drainage. Therefore, the effects of higher summer rainfall on the alpine 
vegetation are not readily detectable. Indeed the alpine vegetation 

of Prospect seems more, not less, xerophytic than that of the Maligne 
Range. A measure of field soil moisture levels would be more indicative 
of the vegetation's moisture regime than a simple tabulation of summer 
precipitation. 

As noted earlier, snow cover has been singled out as the primary 
controlling factor in plant community distributions in many Alberta 
sites. Unfortunately there are no quantitative comparative data on the 
amount and duration of snow for Prospect, Signal and Bald Hills. A 
visual comparison of spring snowpack for the 3 areas made on May 18, 1976 
showed Prospect to have the least amount of snow remaining in the alpine 
on that date. This may be due, however, to a lower winter snowfall, 
higher winter winds, or a difference in exposure or a combination of 
these factors. Effects of the difference in snowpack can be noted, 
though. Snowbeds are few and restricted in size on Prospect and the 
relative paucity of Snowbed Tundra ct's as compared to the Maligne 
study areas, particularly Bald Hills, may be a result of this. 

Wind can also have a profound effect on alpine vegetation, both 
directly and through its effect on snow distribution (Wilson 1959, 

Bliss 1960 and 1969). Average wind speeds for July and August on 
Prospect were higher than those on Signal and Bald Hills (Table 26, 
page 171). The high wind speeds around the Mountain Park area are well 
known to the local inhabitants. Roberts (1966) states that for Cadomin, 


8 km NE of Prospect, the strongest winds usually occur from November 
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to January, but that heavy winds may come at any time, and winds averag- 
ing 72 - 80 km/hr (45 - 50 mi/hr) may blow for days. That these strong 
winter winds affect the vegetation has been illustrated by Wells et al. 
(1976) who state that in the winter of 1975-76 extensive forest blowdown 
was reported in the foothills east of Jasper, which would correspond 

to the Mountain Park area, while only isolated trees were blown over in 
Jasper Park itself. Higher wind speeds might also decrease snow cover 
in exposed alpine sites, creating a harsher environment for the plants 
and restricting the distribution of plant communities requiring snow 
cover protection. On Prospect, microtopography and its interactions 
with wind and snow appear to be very important as there is increased 
plant cover in even the shallowest depressions, and the lusher plant 
communities are found in only the most protected areas. 

The combined effects of strong winter winds, which would remove 
and redistribute snow, and the rapid drainage loss of meltwater due to 
topography and soil parent material, may counteract the high summer 
precipitation to produce a physiologically dry environment for the 


alpine vegetation on Prospect Mountain. 


Edaphic Factors 


The alpine soils of Prospect Mountain exhibit many of the general- 
ized characters described for a 'typical' alpine soil, such as high 
concentrations of organic matter near the surface, granular structure, 
and low clay content (Retzer 1965, Sneddon et az. 1972, Knapik et ai. 
1973), large amounts of stone and gravel, and excessive drainage 
(Retzer 1974). They differ in having generally sandy loam textures as 


opposed to the more common silt loam. 
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Regosolic soils are dominant in the alpine on Prospect with 
Melanic Brunisols found only in association with heath-dominated plant 
cover. Wells et al. (1977) have found Melanic Brunisols to be dominant 
or codominant with Regosols on calcareous, medium-textured colluvial 
material in the alpine tundra subzone of Banff and Jasper National Parks 
in Alberta. The very steep slopes over much of the study area on 
Prospect inhibit profile development and contribute to the predominance 
of Regosolic soils there. 

The low nutrient levels (N, P, K) recorded for the Prospect soils 
are within the range found for other alpine soils in Alberta (Knapik 
et al. 1973, Hrapko 1973, Kuchar 1975). Therefore it can be concluded 
that the alpine soils on Prospect, though weakly developed, are typical 
of those previously described for the Alberta Rocky Mountains. 

Major (1951) stated that vegetation is not a function of soil nor 
soil of vegetation, rather both are functions of the ecosystem, and 
therefore correlations of vegetation with soil properties may be mean- 
ingless. Parent material may be more meaningful as it is independent 
of the ecosystem properties that determine soils and vegetation for an 
area. In the comparison of soils from Prospect, Signal and Bald Hills 
the major edaphic difference measured was pH (Table 25, page 169). This 
pH difference is mainly a reflection of the difference in parent material, 
limestone on Prospect, sandstone and conglomerates on Signal, and 
shales and conglomerates on Bald Hills. 

The effect of differences in parent material, particularly calcar- 
eous and acidic ones, on the vegetation has been examined in a number 
of studies. Mooney et al. (1962) found sandstone sites to have a warmer 


microclimate than dolomite habitats at equivalent altitudes in the White 
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Mountains of California, and that shrub species extended to higher 
altitudes on the sandstme and trees to higher altitudes m the dolomite. 
Bamberg and Major (1968), however, found soil temperatures in limestone- 
-derived soil to be significantly higher than those in soils derived 
from igneous rocks. Whittaker and Niering (1968) compared the vegetatim 
on limestme to that on acid parent materials in the Sanata Catalina 
Mountains in California. They found that vegetatim m limestme was 
characterized by a reduction in plant stature and community structure 
towards the lower strata, and that there was elevational displacement 

of species populations in both directions. A variety of high-mowmtain 
communities on limestone and dolomite were found to be varyingly differ- 
ene trom those al acidsso1l, e€ Je," orten’ more ‘Open, “and usually more 

xeric in physiognomy and flora. 

Bird (1974a), in a comparism of calcareous and acidic alpine areas 
in the Yukon and Northwest Territories, found the calcareous alpine 
areas to have higher species richness — 154 vascular species as compared 
to 64 for otherwise comparable acidic alpine sites. Ninety-five of the 
species were restricted to calcareous soils but mly 11 to acidic soils 
ie tits! area, Thus doesmnotmecessarily- imp ly ‘op lipatercalcieoly for 
these species, though. In their studies of the vegetatim associated 
with calcareous parent materials in Mmtana, Bamberg and Major (1968) 
fourd that only Oyso of the tlora could be* classified as*calcircolous 
for the Montana alpine zoe, and that several of the species changed 
their substrate preference further south. They attributed the lack of 
calcicoly in the Rocky Mountains to the widespread presence of beds 
of calcareous rocks as opposed to isolated blocks, and low summer rain- 


fall which reduces the leaching of all alpine soils. Simpsm (1938) 
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stressed the importance of interspecific competition in the determin- 
ation of calcicoly and the need to separate direct soil effects from 
competition effects. A plant seemingly confined to one soil type is 
generally able to grow o others in the absence of competition 
(Salisbury 1920). 

Also involved in the comparison of vegetation on calcareous and 
acidic substrates is the concept of "climatic compensation'"' (Whittaker 
1960). A soil under me set of climatic conditims may provide a plant 
environment similar to another soil under a different set of conditions. 
Therefore a species may grow in physically different but biologically 
equivalent (sensu Cajander 1926) habitats in different parts of its 
range. In particular, taxa at the edge of their range often occur on 
non-regional substrates, e.g. species widespread over most of their 
range may be restricted to calcareous sites at their distributional 
limits. Pigott and Walters (1954) have concluded that rare or disjunct 
plants can occur in a given area where competition is reduced due to 
an unusual soil parent material. Gankin and Major (1964) have summar- 
ized numerous examples of the presence of endemic or disjunct plants 
on non-regional soils in England. Whittaker (1954) also suggests that 
relict species or paleoendemics are more likely to survive on, and are 
therefore characteristic of, soils high in Ca” or Mg, such as those 
derived from serpentine, limestone or dolomite. For example, the 
disjunct and endemic species of the Gaspé Peninsula, which have been 
Suggested as biological evidence for a refugium there, occur on non- 
-regional ferromagnesium or calcareous rocks (Fernald 1925, Morriset 
1971). Physiological data aloe cannot explain their presence there 


as some species are present on both the serpentine and limestone rocks. 
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Any discussion of the flora and vegetation on calcareous as 
compared to acidic parent material must take all these factors into 


consideration. 


Flora of Prospect Mountain 


The total number of vascular species reported for Prospect, Bald 
Hills and Signal are very similar at 191, 197 and 151 respectively, and 
are of the same magnitude as totals published for other Rocky Mountain 
alpine areas. Although a richer alpine flora has been found to be 
associated with calcareous soils in some places, e.g. Yukon and North- 
west Territories (Bird 1974b), the relative richness of habitats is 
probably just as significant in determining the richness of flora. Wide 
variations in parent material and moisture regime within a study area 
make possible a more diverse flora and vegetation. 

In terms of species richness, the four most important families on 
Prospect are Compositae, Graminae, Cruciferae and Cyperaceae, which are 
Similar to the most important families in the Maligne study areas 
(Table 18, page 128). These results conform to those of Packer (1974b), 
who found that for a sample of worldwide alpine floras the most species- 
-rich families were Compositae, Cyperaceae, Graminae, Scrophulariaceae 
and Rosaceae. 

There are, however, a few notable differences in the relative 
important of vascular families between Prospect and the Maligne Range. 
Leguminous species are more important numerically and ecologically on 
Prospect. This may be due to substrate differences, as Salisbury (1920) 
found the native flora of calcareous soils in England to contain a 


high proportion of legumes. Bamberg and Major (1968) describe an 
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alpine meadow community from the calcareous Big Snowy Mountains in 
Montana unusually rich in legumes. Some of the legumes found on Prospect 
are most often found on calcareous soils over their ranges, e.g. 
Astragalus abortgtnum. 

Prospect is also deficient in graminoids; there are fewer species 
and they have a lower cover as compared to the Maligne Range. Only 
the Elymus tnnovatus - Mertensta pantculata ct is dominated by a 
graminoid species. In contrast, graminoids are particularly widespread 
in the Bald Hills, contributing 5 of the 10 highest presence species 
found there. Alpine communities dominated by members of the Cyperaceae 
are common elsewhere in the Rocky Mountains. For example, Kobresta 
bellardii (Beder 1967, Trottier 1972, Crack 1977) and Carex nardina 
(Bryant and Scheinberg 1970) communities are found on dry windswept 
ridges. It is difficult to say why these xerophytic, sedge-dominated 
communities are not prevalent on Prospect. The calcareous nature of 
the soil is probably not a significant factor in the reduced graminoid 
richness, as grasses are notably well equipped to live in dry, calcar- 
eous soils, such as are often encountered in prairie situations. 
Some of the graminoid deficiency could be explained by the lack of 
extensive mesic and snowbed habitats on Prospect, which would reduce 
the number of Juneus, Luzula, Eriophorum, Carex and grass species 
commonly associated with these habitats. For example, the snowbed 
species Carex nigricans and the wetland Arctagrostis arundunacea lack 
suitable habitats on Prospect and are not found in the study area. 

The lower number of Ericaceous species on Prospect is almost 
certainly a direct result of unfavourable edaphic conditions. The 


genus Vaccetntum, commonly associated with acidic soils, is absent on 
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Prospect but has 3 species on Bald Hills and 2 on Signal. Vaecintum 
vitts-tdaea acts as a ground cover in some Signal communities, a niche 
filled by Saltz nivalis on Prospect. Kalmta poltfolta, most often 
associated with acidic soils, is also absent on Prospect. 

Therefore, most differences in the species richness of vascular plant 
families are a result of edaphic differences between Prospect and the 
Maligne Range. In some cases the absence or reduced extent of some 
habitats reduces the number of species in families commonly associated 
with that habitat. 

The alpine flora of Prospect shows the greatest similarity to those 
of Ram Mountain and Wilcox Pass (Table 17, page 127). Ram Mountain, also 
a calcareous Front Range mountain, has also been proposed as a nunatak 
(Williams and Bayrock 1966) and therefore its high floristic similarity 
is to be expected. Although Wilcox Pass is well within the Main Ranges, 
it also has a calcareous substrate which might explain its high degree 
of similarity. However, Highwood Pass and Snow Creek, which also have 
calcareous substrates within their study areas, do not display as high 
a,sfloristic similarity. It is possible that in these two cases latitud- 
inal differences overcome edaphic similarities. Wilcox Pass does 
deserve closer phytogeographical examination, though, with its high 
floristic similarity to the suspected refugial sites of Prospect and 
Ram Mountain, and the presence there of such disjunct species as 


Pedicularts flammea and Braya purpurescens (Crack 1977). 


ong thtt 129 
» at 
_ ay 


sah a 


ia 


edn ad} eeeed! Goee 


. pea = 

C fi me t 20L5a 23 yadkawr ads eon ibe" 
“Te -_ 7 

vy 4 ; i 

+ tephde sta ees 


Test 36 wrecks ‘sigh 


owl 


‘ i j "? Ta oifA t amy pepe. 


cree 


7 eu 

= oped togrd, 

J } 2 oe 

e (el Joorve’ Goo ae 
Ls 


KD; sumitiA. betsy i 


— 


on 


; ~~ 
ie-2unepaole? & ead 


ia ig tS4 Tengo ite 
: . y 7 


viacl? nuigigiw resend a 
ee. aii 0 


Fue! : — i. | 
plicts ciignbs seo yieve, sesne7er 


futon {a0 ebaeaasian’ 
tot -basoeeve ols al eae mr 
peu te ivdg sone: aq ot 


_, 


aie 
132) wee Ty led bs. ao 
*) - a 


182 


Phytogeographical Considerations 


In comparing the phytogeography of the 3 study areas, Prospect's 
flora was found to have a higher proportion of North American arctic- 
-alpine and low-elevation, especially North American low-elevation, 
species, and to have fewer Amphi-Beringian species. The Maligne study 
area floras have a slightly higher proportion of circumpolar arctic- 
-alpine, Amphi-Beringian and widespread Cordilleran species, i.e. widely 
dispersed species which would be expected to inhabit newly opened areas 
alter elacial, retreat. Ine krospece Udta are. i) Girece Colcrase to 
those of Bird (1974b) who, in his comparison of glaciated and unglaciated 
calcareous alpine areas in Yukon and Northwest Territories, found unglac- 
iated areas to have fewer low-elevation species, and more North American 
arctic-alpine and Amphi-Beringian species. Comparisons by the same 
author of unglaciated calcareous and glaciated silicate alpine areas 
revealed the same trend. 

The largest difference in distributional types between the Prospect 
and Maligne study areas was in the number of disjunct species. The 
distribution disjunctions exhibited by these species may be the result 
of historical factors or a reflection of habitat disjunction, or both. 

The distributions of such species as Androsace chamaejasme (Fig. 15, 
page 46), Campanula uniflora (Fig. 16, page 46), Kobresta simplictuscula, 
Carex franklinti and C. petrtcosa, which have all been described as 
inhabiting primarily calcareous substrates (Porsild 1973, Hultén 1968), 
are composed in part or entirely of narrow disjunctions and are probably 
the result of habitat disjunctions. Kobresta simpltctuscula occurs as 


disjunct populations on calcareous moraines in England, a distribution 
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Pigott and Walters (1954) attribute to post-glacial restriction by growth 
of trees. It has been suggested that Campanula untflora survived in 
refugia in Scandinavia (Dahl 1955, Gjaerevoll 1963) and Iceland 
(Steindorsson 1963). In the Alberta Rocky Mountains, however, Campanula 
untflora is scattered throughout the mountains and not clearly assoc- 
iated with suspected refugial areas. Further work on the distribution 
of this species in Alberta might shed some light on its migrational 
history. 

Pyrola grandiflora is also scattered in the mountains but has a 
disjunct population in boreal NE Alberta, which suggests possible habitat 
disjunction. Papaver kluanensts is widespread in the arctic but is 
restricted to isolated, high mountain peaks in the Rocky Mountains, 
producing a disjunct distribution. 

The distributions of the remaining 14 disjunct species are better 
explained as the result of historical rather than habitat factors, and 
are therefore of far greater phytogeographical significance. Packer 
and Vitt (1974) have discussed the historical implications of the 
disjunct populations of Braya purpurescens, Carex misandra, Pedicularts 
flammea, Telesonix jamesit and Smelowskta calyeina, and have concluded 
that these populations are best explained by persistence in an unglac- 
iated area. Some of these species have been found in suspected 
refugia in other areas as well. In Scandinavia Dahl (1946) regards 
B. purpurescens as a typical ''tundra refugee'', a species which survived 
the glaciations in refugia with tundra vegetation. Dahl (1946) and 
Gjaerevoll (1963) have also found P. flammea and C. mtsandra associated 


with possible refugial areas in Scandinavia. Ryvarden (1974) has found 
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P. flammea to have a low reproductive capacity which may account for 
its restricted distribution. Therefore if this species was associated 
with past nunataks, it may not have spread extensively since then and 
would be located close to these nunatak sites. S. calyctna has been 
found on a present-day nunatak in the Yukon, growing on high scree slopes 
which have probably never been glaciated (D. Murray pers. comm.). 

Oxytropts jordalit is found in isolated populations in the mountains 
of Alaska, Yukon and Northwest Territories, and in the Mountain Park 
area (Fisse2ljopage:48)2 “OneProspectao ms jordalii is foundtinday single 
ct, the Dryas integrifolia - Hedysarum alpinum ct, in a number of 
locations. 

Saltx alaxensts 1s a widespread arctic willow and collections at 
Prospect and in the Nordegg area appear to be disjunctions, but may 
Simpiysrepresentethemsouthern?: Limiterorethisespeeiese BOneProspect 
S. alaxensts is a gnarled, sprawling shrub, rarely exceeding 0.5 m in 
height vaskcomparedtosthe:. 2-84 mvtreesfound? on xiven terraces#in the 
arcticy Sit plays anvimportantrecological»roley tespecially on scree 
Slopes, where it often provides stability and an anchor for the small 
Dryas mats which form the main base of the plant cover. In areas with 
substantial subsurface drainage S. alaxensts becomes a significant 
component of the Dryas tntegrifolta - Hedysarum alpinum ct. 

Salix rettculata is common in the arctic and in the mountains south 
to Pine Pass, British Columbia. A disjunct population has been found 
at Mountain Park where it is mixed with the more southerly species 
S. nivalis (G. Argus pers. comm.). S. rettculata has been found on 
present-day nunataks in the Kaskawulsh Glacier in SW Yukon, although 


these are not areas of persistence (D. Mirray pers. comm.). On Prospect 
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it is found in combination with other Saltx species in moist Shrub 
Tundra communities. 

Lesquerella arctica is primarily arctic in distribution but there 
are a few disjunct populations in the Northwest Territories and Alberta, 
the latter at Mountain Park, Wilmore Wilderness, Kananaskis, Ram 
Mountain and the Bighorn Mountains near Nordegg (Packer unpubl.). On 
Prospect this species is found occasionally in the Dryas integrtfoltia - 
- Carex rupestrts ct. 

Arntea loutseana is common in Alaska but is more scattered further 
south in the Rocky Mountains and the Gilf of St. Lawrence (Fig. 18, 
page 46). In Alberta populations have been reported from Lake Louise, 
Banff townsite, Bald Hills, Crowsnest Pass, Waterton Park and Prospect 
(Packer unpubl.). On Prospect it is restricted to a single N-facing 
slope covered with the Dryas tntegrtfolta - Oxytropts podocarpa ct. 
This species has a number of poorly understood subspecies which, on 
further examination, might yield valuable information on its persist- 
ence in the Rocky Mountains during periods of glaciation. 

Antennarta monocephala has a mainly arctic distribution but has 
disjunct Alberta populations at Mountain Park, Bald Hills, Whistler 
Mountain, Wilcox Pass and Waterton Park (Packer unpubl.). On Prospect 
it is very rare; only one specimen was collected, from a Casstope 
tetragona-dominated hollow. 

Rumex alpestrts, Draba macounti and Arntca alpina ssp. attenuata 
appear to have disjunct populations at Prospect, but taxonomic 
ambiguities complicate the interpretation of the species distributions 
and further work is required before these species should be considered 


valid disjuncts. &. alpestris has been included in the taxon 
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R. acetosa (Hitchcock and Cronquist 1973), treated as a subspecies of 

R. acetosa (Hultén 1968), and as a species in its own right (Moss 1959), 
and therefore its distribution is not clear. Subspecific designations 
are often ignored in the reporting and mapping of Arnica alpina; 
therefore it is difficult to say if the Mountain Park population of 

A. alpina ssp. attenuata is as disjunct as the maps of Hultén (1968) 
indicate. Previous taxonomic confusion in the genus Draba make it 
difficult to interpret earlier records of this genus and therefore Draba 
macountt should be considered to be a disjunct only tentatively. 

Erigeron radtcatus 1s a rare endemic known only from a few locations, 
including Prospect Mountain. It was first collected by Drummond around 
1840 near Jasper Lakes but no plants have been collected in the area 
Since. Recent collections have been made at Prospect, Ram Mountain and 
nearby Shunda Mountain, and in the Saskatchewan part of the Cypress 
Hills. On Prospect £. radtcatus may be locally abundant on dry, 
exposed, rocky slopes. The Alberta distribution of this species in 
suspected refugial areas (Packer 1977) suggests its survival on nunataks 
and its extinction over the rest of its range during Pleistocene 
glaciation. 

The presence of most of these final 14 disjunct species on Prospect, 
therefore, is best explained by survival im situ in a glacial refugium. 
Habitat disjunctions, especially edaphic ones, do not satisfactorily 
explain the disjunctions. Before dismissing edaphic disjunction in all 
cases, however, the concept of climatic compensation must be recalled. 
These disjunct species are at the extreme limits of their distribution 


in most cases, and although they may be found on a number of substrates 
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Over the majority of their range, it is conceivable that they may 
become more restricted at these limits, i.e. become calcicoles. Seeming- 
ly suitable calcareous alpine sites are, however, not as uncommon as 
the species themselves. 

Alternative explanations to that of a single isolated refugium 
can be suggested for the large number of arctic disjuncts. First, many 
of these disjunctions occur between northern British Columbia and the 
Mountain Park area in Alberta, a rugged mountainous interval which 
has been poorly collected. More comprehensive coverage of this interven- 
ing area, in particular the Front Range, may reveal the presence of 
some of these arctic species. This raises the question as to whether 
the Mountain Park populations of these arctic species represent the 
southern limit of survival or the southern edge of reinvasion by these 
Species since glacialeretreab.. sManysof sthescs@arctiecedisjuncts.are 
found in the same community on Prospect, i.e. the Dryas integrtfolta - 
- Carex rupestris ct. Polunin (1948) reports the presence of these same 
species, Braya purpurescens, Carex mtsandra, Pedicularis flammea and 
Lesquerella arctica in a similar community dominated by D. tntegrifolta 
and C. rupestrts in the arctic. The environmental suitability of the 
Rocky Mountain Front Ranges for D. integrifolia and D. integrtfolta- 
-dominated communities would explain the restriction of these species 
to the Front Ranges. Other arctic species, which do not have notably 
disjunct distributions, such as Saxtfraga tricusptdata and Dryas 
integrifolia itself, also reach their southern limits in the Front 
Ranges in the Mountain Park - Nordegg area. 

Secondly, it is possible that a series of glacial refugia existed 


in the Front Ranges north of Prospect during the Wisconsin glaciation. 
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The climatic and geographic factors which would have promoted the 
creation of an ice-free area near Mountain Park could also have operated 
in a Similar manner over the entire length of the Front Ranges. The 
two ideas of a more or less continuous distribution of the arctic 
species along the Front Ranges, and a series of glacial refuges there, 
are not mutually exclusive. A discontinuous line of survival centers 
would aid in post-glacial dispersal of these species to adjacent areas 
in the environmentally suitable Front Ranges. 

However, not all of the disjuncts on Prospect are arctic species 
of this type. The presence of Telesontx jamestt, which has a primarily 
southern distribution, and Smelowskia calyetna, which has a bimodal 
distribution north and south of Prospect, reinforces the hypothesis of 
existence of a glacial refugium here. The co-occurrence of so many 
species which are largely absent from surrounding areas adds further 
weight to the refugial explanation for their presence (Packer and Vitt 
174). 

These proposed refugial species show very restricted distributions 
in the Alberta Rockies, although widespread in other parts of their 
ranges, demonstrating poor dispersal ability for these southern 
populations. A small population which had survived in a glacial 
refugium might have become depleted of genetic variability and therefore 
less able to adapt and to spread (Stebbins 1942). The very nature of 
the present Alberta distribution of these species and the lack of 
post-glacial dispersal suggests survival in small populations. Isola- 
tion may also permit morphological differentiation but this is not 


readily observable in the Prospect plant populations. Pike (1978), 
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studying the more rapidly evolving butterflies, has found a morpholog- 
ically distinct population of the alpine butterfly Bolarta improba 
restricted to Prospect Mountain. 

The recognized refugial species are widespread on Prospect, occurr- 
ing in a number of habitats. This is not inconsistent with the idea of 
survival in a refugium. Although nunataks have been characterized as 
forbidding, barren, rocky islands, D. Murray (pers. comm.) has studied 
present-day nunataks in SW Yukon which support a number of different 
habitats and communities, despite the severe environmental conditions. 

Few of the refugial species on Prospect are important ecologically, 
and most are rare. Salix alaxensts is a notable exception and plays 
anmeunportant. ecolopical role im Zecu' Ss. ines rugs. tirecort olla — oa lis 
alaxensts (islands) ct and the Dryas integrtfolia - Hedysarun alptnum 
GC. clacensis st). lt does nol replace another species. found. an 
these communities elsewhere. Dryas islands are not uncommon, but 
nowhere else has the combination of these with Salix, or any other low 
shrub, been described. Since the Dryae integrtfolta - Hedysarun alpinum 
ct has not been previously described, S. alaxensts cannot be considered 
to be replacing another species in it. Carex misandra is widespread 
in the Dryas tntegrifolta - Carex rupestrts ct both on Prospect and 
over its extensive arctic range. No refugial species can be said to 
be occupying a niche in a Prospect community that is occupied by 
another species in glaciated areas. Therefore the refugial species do 
not greatly influence the community composition and vegetation patterns. 


They serve oniy to enrich the flora to a small degree. 


189 


a) ekinint at satin Si ite ots 9 
abe 7 


tf Areedd 
eA 


shit ors ‘as el ¢ , Cotgeder 
‘hea oe 

qumt gor ak Git ete 
ig - 

yer. etetenud —, amid; agi 


a »ebnated what. 
ces 


» gioePyloy mt re at olen 


‘ded, 


eeiees | 
Toa tokyoloos 4 _ 


awit Dim 29 sisal) 9 


rf te aiwte 
bevel a at 
" : 
idem off ~ ant ; 
ome te ntisenle ayaa a 


yeeuniwstg reed 10 OF 26) 


72 AL eeroce? rations, gal algen 
ort weet - ea lslybpeaae, rl, ad 
, fan; oi2pis evbamea ae 
aciey Sonepat’ Mit scsi & geutye 


brag. ot isi soqeos Pi wa 
a ’ - 


1y0t, Lig 2 at ian ot ca 
| > 


190 


Vegetation of Prospect Mountain 


The alpine vegetation on Prospect is dominated by Dryas itntegrifolta 
Rock Tundra. Of the 6 ct's in this group, the Dryas - Carex rupestris 
ct has the greatest areal extent. Shrub Tundra, dominated by Betula 
glandulosa and Saltz species, forms a discontinuous zone of variable 
width between the Rock Tundra and subalpine zone. Heath Tundra and 
Snowbed Tundra are restricted to small, isolated, snow accumulation 
hollows. Meadow Tundra is also limited in extent and lush Herb Meadows 
are very rare. Dryas Meadows, which are more common, are intermediate 
in composition and habitat between the dry Rock Tundra and the lush 
Herb Meadows. 

Based on the comparison of the vegetation in general and ct's 
in particular from Prospect, Signal and Bald Hills (see RESULTS, page 144) 
a number of conclusions can be drawn. The ct's of the Heath Tundra 
and Snowbed Tundra Groups from the 3 areas show the greatest similarity 
although both groups have a very restricted distribution on Prospect. 
On Signal and Bald Hills the Heath Tundra covers large areas of the 
lower N-facing alpine slopes and continues into the subalpine zone 
among the krummholz islands. This is certainly not the case on Prospect 
where Shrub Tundra communities fulfil this role, and Heath Tundra 
communities are restricted to bowl-shaped depressions. The Shrub 
Tundra Group, which has not been designated as a separate entity for 
either Signal or Bald Hills, has limited similarity to ct's in the 
Maligne Range; only the Salix arctica- and S. barrattiana-dominated 
communities have floristic equivalents. Meadow Tundra is less important 


on Prospect than in the Maligne study areas and lacks a 'binding species' 
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such as was noted for the other 2 areas — Salix arettca on Signal and 
Artemista norvegtca on Bald Hills. 

Transect studies reinforced these conclusions. Comparable transects 
over patterned ground on N-facing slopes on Signal and Prospect show 
the replacement of Heath Tundra by Shrub Tundra on Prospect over an 
altitudinal gradient. Transects along snowmelt gradients show similar 
relationships between snow release date and Rock Tundra and Heath Tundra 
communities in the 3 areas. However, the Prospect Mountain transect 
lacked a true snowbed community such as the Carex ntgricans and Luetkea 


communities of the Maligne Range. 


Previous ecological studies make it possible to compare the 
Prospect ct's with those from many areas in the Alberta Rocky Mountains. 
Study areas used for comparison of most ct's are Snow Creek (Beder 1967), 
Highwood Pass (Trottier 1972), Bow Creek (Broad 1973), Sunshine (Knapik 
et al. 1973), Ram Mountain (Johnson 1973), Wilcox Pass (Crack 1977), 
Signal Mountain (Hrapko 1970) and Bald Hills (Kuchar 1975). 

Discussion so far has been of ct's, distinct plant assemblages 
described from specific areas. With a knowledge of alpine vegetation 
from a larger geographical area, syntaxonomically formalized plant 
associations similar in habitat, physiognomy and species composition 
can be determined. Ogilvie (1967) proposed 10 alpine plant associations 
for the Alberta Rocky Mountains which were later revised to 13 (1976). 
Sixvandipossibly 7 of ithe Prospect cts can be assigned! to one:ot the 
latter 13 associations. 

The Salix barrattiana - Trolltus albiflorus ct belongs to the 


Salix barratttana association of Ogilvie, which was also found at 
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Bald Hills, Wilcox Pass, Snow Creek, Highwood Pass, Bow Summit, and 
Sunshine, but with variable composition. The Casstiope tetragona - 
- Dryas octopetala and Phyllodoce glanduliflora - Casstope mertenstana 
ct's belong to the Casstope tetragona and Phyllodoce glandultftlora 
associations, respectively. Both associations are widespread in the 
Alberta Rockies and have been described from Signal, Bald Hills, Snow 
Creek, Highwood Pass, Bow Summit and Sunshine. The Saltx arctica - 
- Salix ntvalts ct of Prospect, with further examination, might be 
assigned to the Salix nivalts - Salix arctica association. Similar 
ct's were found on Signal, Bald Hills, Snow Creek, Highwood Pass, 
Wilcox Pass and Sunshine, although species composition varied greatly. 
The Elymus tnnovatus - Mertensta pantculata ct belongs to the Flymus 
tnnovatus association reported from Snow Creek. The Artemisia 
norvegtca - Aqutlegta flavescens ct on Prospect closely resembles the 
seepage variant of the Hlymus association described by Ogilvie (1976). 

The Dryas integrtfolta - Betula glandulosa ct on Prospect is a 
possible candidate for the Betula glandulosa association, however it 
might be better described as a variant as Dryas tntegrifolia, which is 
codominant with Betula in the Prospect ct, is not listed as a member of 
the Betula association of Ogilvie. A Betula - Dryas Shrub Tundra 
community similar to that on Prospect has been found in the alpine zone 
of Nahanni National Park, Northwest Territories, where it covers 
Significant areas in an equivalent position just above treeline 
(S.<talbotspers’.. comms); 

The rest of the ct's on Prospect do not conform to any of the 
associations proposed by Ogilvie (1976). Alpine assemblages which are 


common in the other study areas and notably absent on Prospect include 
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the Carex nigricans association, the Dryas hookertana (octopetala) - 

- Oxytropts podocarpa association, and the Kobresta myosurotdes 
(bellardit) association. Both Dryas octopetala and Kobresia bellardit 
are present on Prospect, but they do not clearly dominate any communities 
there. The Dryas octopetala ct's of the Dryas octopetala - Oxytropis 
podocarpa association have physiognomic equivalents in the Dryas 
integrtfolta-dominated communities from Prospect, but the difference in 
dominant species is an important one and should not be ignored. As 
well, even with the dominant Dryas species removed there is little 
correlation between the associated species of D. octopetala and 

D. tntegrtfolta. They belong to separate associations. The Carex 
ntgrtcans Ct, which is so notably absent on Prospect, has been described 
for Signal, Bald Hills, Highwood Pass, Snow Creek and Bow Summit. 

Only 2 ct's not dominated by Dryas integrtfolta are not in one of 
the associations described by Ogilvie. The Saltx arettca - Hedysarum 
alpinun ct resembles the Saltx arcttca-dominated communities on Signal, 
Bald Hills, Wilcox Pass and Highwood Pass. The Saltx spp. - Casstope 
tetragona ct has no equivalent ct described elsewhere in the Alberta 
Rocky Mountains. However, similar plant assemblages have been found 
in the alpine zone of Nahanni National Park, Northwest Territories 
(S. Talbot pers. comm.). 

The rest of the Prospect ct's are dominated by Dryas integrtfolia. 
Of all the alpine study areas in the Alberta Rockies, only Ram Mountain 
is dominated by D. integrifolta as opposed to D. octopetala, and 
might possess similar D. tntegrifolia-dominated communities. However, 
the D. integrtfolta-dominated communities on Ram are evidently neither 


as rich nor as diverse as those on Prospect. Spotted tundra of 
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D. tntegrifolta, possibly equivalent to the Dryas integrifolia - Salix 
alaxensts ct on Prospect, and a Dryas - Kobresia ct somewhat similar 

to the Prospect Kobresta st of the Dryas tntegrifolia - Oxytropis 
podoecarpa ct, have been described from Ram. No other Prospect communit- 
ies have equivalents there. 

The rest of the Dryas tntegrifolia-dominated communities, therefore, 
either have no equivalent community described in the literature examined, 
or the closest equivalent is north or south of the Alberta Rockies. The 
Dryas tntegrtfolta - Hedysarum alptnuwn Meadow Tundra community and the 
Dryas tntegrtfolia - Oxytropits podocarpa and Dryas tntegrtfolia - Salix 
arcttca Rock Tundra communities have had no equivalent described for 
any location. 

Arctic communities similar to the Dryas tntegrtfolta - Casstope 
tetragona ct of Prospect have been described from Devon Island, Northwest 
Territories (Mic and Bliss 1977), the SW Mackenzie, Northwest Territories 
(Raup 1947), and eastern Greenland (Elkington 1965), although all are 
more species-poor than the Prospect community. 

The Dryas integrifolta - Carex rupestrts ct, which covers the 
largest area on Prospect, has the most interesting geographical relation- 
Ships. The closest floristic equivalent is the Dryas integrifolta - 

- Carex rupestris community widespread in the Big Snowy Range of 
Montana (Bamberg and Major 1968). Important species associated with 
the Dryas and Carex in Montana are Polygonum viviparum, Androsace 
chamaejasme and Saxifraga opposttifolta which are all significant in 
the Prospect ct. The ct in Montana forms spotted tundra as on Prospect 
and combines with Arctostaphylos uva-urst in a manner similar to that 


of the A. uva-urst st described for Prospect. A Dryas integrifolta - 
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- Carex rupestris ct is widespread in the alpine of Nahanni National 
Park (S. Talbot pers. com.). It is rich in lichens, especially 
Cetrarta spp., as is the Prospect ct. A Dryas integrifolta - Carex 
rupestrts Ct rich in lichens has also been described for western 
Greenland by Gelting (1955) which has the same associated species as 
on Prospect, Polygonum vivtparum, Carex nardina, Pedicularis lanata, 
Silene acaults and Sacifraga oppositifolta. 

A depauperate form of the Dryas integrtfolta - Carex rupestrts ct 
covers large areas in the North American arctic. Polunin (1948) has 
described such communities from the eastern arctic islands of Devon, 
Baffin, Ellesmere and Dorset and from northern Quebec. Barrett (1972), 
Svoboda (1974) and Muc and Bliss (1977) have also described similar 
communities on Devon island, with high lichen and bryophyte cover. In 
the arctic a core assemblage of Dryas tntegritfolta, Carex rupestris, 
Polygonum vivtparum, Saxtfraga opposittfolta, and often Carex nardina 
and C. mtsandra, is augmented by such species as Casstope tetragona, 
Saltx arctica, S. reticulata, Pedicularis lanata, Saxtfraga trtcuspidata 
and Campanula untflora over its range. 

The Dryas tntegrifolta - Carex rupestris ct on Prospect can be 
desribed as consisting of the basic arctic Dryas - Carex ct to which 
numerous alpine species have been added. Since a number of the disjunct 
refugial species are found in this ct on Prospect Mountain, the relative 
distributions of Dryas integrifolta, Dryas octopetala and vegetation 
dominated by each, and therefore species associated with each, are of 


particular interest. 
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Dryas octopetala is an arctic-alpine species with a discontinuous 
circumpolar distribution. It is widespread in the Eurasian arctic but 
absent from the North American High Arctic (Hultén 1968). In North 
America it is found over much of the western Cordillera and has been 
considered to be the most important plant species in the Canadian Rockies 
(Kuchar 1975). Dryas tntegrifolia, in contrast, is a widespread North 
American arctic-alpine and northern boreal species and has been consider- 
ed the most characteristic species of the Polar Semi-desert (Svoboda 
1974). The ranges of the two species overlap in many places and, when 
they occur in close proximity, hybrids may be found (Hultén 1959, 
Elkington 1965, Bamberg and Major 1968, Crack 1977). 

Although distribution maps of D. tntegrifolta and D. octopetala 
in Alberta show both species to be common in the mountains north of 
51° latitude (Crack 1977, Packer unpubl.), patterns of dominance show 
definite geographical separation. One Dryas species is always dominant 
in areas of co-occurrence. On Prospect, where both are found, 

D. antegrtfolta 1s clearly dominant and”): oetopetala is restricted to 
specific mesic habitats. Conversely, at Wilcox Pass D. octopetala 
dominates while D. tntegrifolia is found only in localized patches 
(Gracie 19/7): 

Differentiation of the ecological requirements of the two 
species is not always clear. Kuchar (1975) states that D. oetopetala 
throughout its range occupies sites which have gravelly, poorly devel- 
oped soils low in nutrients and water, high wind exposure, lack of 
winter snow cover and extreme diurnal temperatures. The habitat of 


D. integrtfolta has been characterized as including sites with low 
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available soil nutrients and moisture, and high soil surface temperatures 
(Svoboda 1974). At one extreme it has been suggested that D. octopetala 
1s restricted to acidic soils and D. integrifolia to calcareous ones 
(Kuchar 1975, See 1978) and at the other that their ecological require- 
ments are the same (Elkington 1965, Bamberg and Major 1968). In 
Norway D. octopetala is almost exclusively calcicolous (Coombe and 
White 1951, Gjaerevoll 1963). Although found on acidic soils it reaches 
its greatest dominance and luxuriance on calcareous soils. In Montana 
Bamberg and Major (1968) use D. octopetala as an indicator species for 
calcareous soils. At Wilcox Pass in Jasper National Park D. octopetala 
dominates the primarily calcareous substrate, although D. tntegrifolta 
is also encountered there (Crack 1977). In the southern Alberta Rockies, 
at and beyond the limits of the range of D. integrifolta, D. octopetala 
is the dominant species in most calcareous alpine sites. Therefore the 
degree of calcicoly of D. octopetala depends on its geographic location 
and the competing species. 

It now appears that alpine areas dominated by D. tntegrifolia 
in Alberta are restricted to specific locations in the generally drier 
Front Ranges above 51° latitude. Svoboda (1974) describes morpholog- 
ical and Hartgerink (1975) physiological adaptations of D. integrtfolta 
which enable it to grow in sterile calcareous substrates that are 
relatively warm and dry. It is possible that in the Alberta Rocky 
Mountains, where the ranges of the two Dryas species overlap, 
D. integrifolta can outcompete D. octopetala in the drier calcareous 
Front Ranges. Further south, where D. integrifolta does not occur, 
D. oetopetala occupies these sites exclusively. In the Yukon, See (1978) 


has also noted that D. tntegrifolta is more prevalent in the mountains 
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east of the Continental Divide. A more comprehensive study is required, 
not only of the relative distribution of these species, but also the 
distribution of areas dominated by each. 

However this is an ecological interpretation of the present 
distribution, and historical factors must also be considered. Hulten 
(1959) suggested that D. itntegrifolia once covered areas in the Rocky 
Mountains south of its present distribution. Since the retreat of the 
continental and cordilleran ice sheets, D. tntegrifolta has re-occupied 
the northern part of the area which was once covered by Wisconsin 
glaciation (Porsild 1947). Of phytogeographical interest therefore is 
a disjunct population of D. integrtfolta which occurs in the Big Snowy 
Mountains of Montana (Bamberg and Major 1968). This is not simply a 
case of habitat disjunction, as numerous suitable calcareous locations 
in the Front and Main Ranges exist between this population and the more 
numerous Alberta populations. The Montana area is of particular 


interest as the D. tntegrifolta-dominated communities there showed the 


greatest similarity to the Prospect D. tntegrifolia-dominated communities. 


Indeed there is a great deal of similarity between the floras of the 
two areas as an index of similarity of 42% for the two study areas has 
been calculated, despite the large difference in latitude. Assuming 
a wider distribution of D. tntegrtfolta in the past, it is possible 
that the D. integrtfolta in the Big Snowy Mountains, which have never 
been glaciated (Bamberg and Major 1968), has persisted there as a 
remant of the earlier wider distribution. 

The existence of both D. tntegrifolta and D. octopetala in 
unglaciated areas of Alaska and Yukon has allowed the development of 


geographically distinct races or subspecies (Hultén 1959). Although 
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this phenomenon is better known and documented for D. octopetala, 

the examination of D. integrifolta populations in isolated areas such 
as the Big Snowy Mountains and the southernmost Alberta sites might 
reveal subspecific variation, and aid in the determination of whether 
these populations are products of persistence or represent the present 
limits of reinvasion of this species. Enviromental conditions which 
are restricting the distribution of D. integrifolia now might also be 


restricting the distributio of other arctic species associated with it. 


Integration 


The various environmental and historical factors which influence 
the vegetation and flora of Prospect interact on several levels to 
produce its contemporary vegetation. Therefore, having examined 
the various factors separately, they must now be treated together. 

The comparison of Prospect and the two Maligne study areas 
showed that edaphic factors, in particular parent material and pH, 
are of greatest importance in differentiating the vegetation and flora 
of the two areas. The effects of summer climatic differences are 
obscurred by this edaphic difference. Although Prospect receives 
more summer precipitation, its steep topography and coarse limestone 
colluvium promote rapid drainage and create a dry environment for the 
alpine plants. Strommg winter winds at Prospect and their effect on 
snow distribution must also be important, but snow accumulation and 
release could not be precisely compared for the three areas 

Ordination methods were used to try to determine the environment- 
al gradients which might be causing the separation of ct's within and 


among study areas. The results were disappointing. It is possible 
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that the complexity of environmental controls for stands from the three 
areas could not be clearly described using only two axes, and ordinations 
using more axes might have been more successful. Snow release date 
would be an obvious choice for an additional axis, but the necessary 
data were not available so it could not be constructed. The ordinations, 
both direct and indirect, did show soil pH to be important in separating 
communities from the two major study areas. However, within each study 
area relative snow cover and release are probably more important in 
determining ct distribution than edaphic factors. Therefore similar 

ct's in similar positions on a snowmelt coenocline remained separated 

on the ordination field due to edaphic differences. 

Between the Prospect and Maligne study areas the greatest differen- 
ces in vegetation result from differences in the dominant, and therefore 
associated, species: Most of theseyditferences;inaturns, tare.theiresult 
of edaphic conditions. For example, D. integrifolia outcompetes 
D. ocetopetala on the calcareous Prospect Mountain, dominating over half 
of the ct's and contributing greatly to the distinctive nature of the 
vegetation there. Legumes, which are notably more species-rich on 
calcareous sites (Salisbury 1920), are both numerically and ecologically 
important on Prospect. Differences in the relative extent and richness 
of heath communities might also be related to edaphic differences, as 
many members of the heath family are acidophilous. 

The combined environmental factors of high winds, low snowfall, 
steep topography and coarse, calcareous parent material on Prospect 
severely limit the extent of snowbed habitats and preclude the occurrence 
of true wetland habitats, thus reducing the diversity of ct's and 


species which are normally associated with these habitats. It is still 
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difficult, however, to account for the complete absence of Carex 
ntgrtcans. Snowbeds, although very few and very small, are present and 
seem to provide suitable habitats but Carex ntgrtcans does not inhabit 
them. Closer examination of the ecophysiology of this species might 
reveal answers to this problem. 

the Pleistocene History Or the)! rospect area does NOw dppear tO 
affect the character of the vegetation as a whole, since the refugial 
species are mostly rare, insignificant ecologically, and account for 
only 9 - 10% of the flora. History has, however, affected the composi- 
tion of the flora to some degree and possibly the relative proportions 
of various phytogeographical distribution types within the flora. 

The substrate difference between Prospect and the Maligne study 
areas makes comparison of the effects of glacial history on the 
vegetation very difficult. Bird (1974a) encowtered similar problems 
in establishing the existence of a refugium in the Plains of Abraham 
area, Northwest Territories, as the nearby glaciated Mt. Clark has an 
exposed bedrock of substantially different type. It would be best if 
the edaphic 'treatment' could be constant in future studies in both 
regions. 

In Alberta the nature of the cordilleran and continental ice sheet 
advance and coalescence confines most suspected refugia to the generally 
calcareous Front Ranges. The more heavily glaciated Main Ranges are 
composed of a variety of bedrock types, including calcareous ones, but 
the differences in climate, especially precipitation, would likely 
complicate a comparative study with the Front Ranges. Therefore perhaps 
the best comparison would be of geographically close, glaciated and 


unglaciated areas, on similar substrates within the Front Ranges. 
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SUMMARY AND CONCLUSIONS 


1. Prospect Mountain is located in the Front Ranges of the Rocky 
Mountains of Alberta 2s 55a: dW] 22! W), 86 km SSW of Edson and 

7 km W of the razed mining town of Mountain Park. There is considerable 
biological and geological evidence that this area was a glacial refugium 
during the Wisconsin glaciation. The study area includes the alpine 
zone on Prospect Mountain, defined as the zone above the growth of 


trees with supranival leaders. 


2. The objectives of the study were to characterize, quantitatively and 
qualitatively, the alpine vascular flora and vegetation of Prospect 
Mountain, in a suspected glacial refugium, and to compare them with 
those of the heavily glaciated Signal Mountain and Bald Hills, and to 
determine the relative roles,of Glamate, souls and. glacial history 


in accounting for the observed differences. 


3. Prospect Mountain is composed of 4 near-parallel ridges of Lower 
Cretaceous sandstone and shale, stretching to the NE and separated by 
steep-sided valleys. Most slopes are covered with coarse limestone 
colluvium derived from the peak of Paleozoic limestone and dolomite. 
Patterned ground is common, especially wind- and slope-oriented vegeta- 
tion stripes, small solifluction and turf-banked terraces and spotted 


tundra. 


4, The soils are mainly derived from the limestone colluvium. Profiles 
are generally shallow and poorly developed, with sandy loam textures. 


Regosols dominate most of the study area and Melanic Brunisols are 
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localized and associated with heath-dominated vegetation. Soil pH 
ranges from 5.6 to 8.1, averaging 7.2 for the 29 profiles exposed. 
Available nitrate, ammonium and phosphorus, and exchangeable potassium 
concentrations are all low, with slightly higher concentrations in the 
surface horizons. Available moisture values (moisture held between 1/3 
and 15 bars) of the <2 mm fractions are low for most samples and range 


from 6 to 48% on an oven-dry basis. 


5. Meteorological observations were made at one main station in June, 
July and August of 1976. June had the coolest mean temperature of 

4 ce while July and August were similar at 8.0 and 7.4 CG TeESpectlvely. 
A total of 287 mm of precipitation fell during the study period: 72 mm 
in June, 75 mm in July and 140 mm in August. Vapour pressure deficits 
ranged from 0 to 10 mb with a mean of 2.5 mb for the summer. The wind 
blew almost constantly and mean monthly wind speeds were 14.1 km/hr 


for June, 12.6 km/hr for July and 12.1 km/hr for August. 


6. The alpine vascular flora of Prospect Mountain consists of 191 species 
in 34 families. The most species-rich families are Compositae, 
Gramineae, Cruciferae and Cyperaceae. The high-presence species are 
Androsace chamaejasme, Dryas tntegrifolta and Polygonum vivtparun. 

The flora was divided into 9 main distribution types; the most species- 
-rich types are circumpolar arctic-alpine (25% of flora), North American 
arctic-alpine (14%), circumboreal (14%), widespread Cordilleran (13%) 

and North American low-elevation (13%). Twenty-one species have popula- 
tions on Prospect which are notably disjunct from their major centers 

of distribution. The types of disjunct distributions exhibited by 


these species are described. 
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7. Using cluster analysis, similarity matrices and field observations, 
the 31 stands sampled quantitatively on Prospect were classified into 
16 community types (ct's) within 5 major groups. 

a) Rock Tundra Group — This group covers the largest area and is 
characterized by extensive bare ground and rock rubble, pattern- 
ed ground, Regosolic soils and low species richness. All 6 ct's 
of the group are dominated by Dryas tntegrifolia, and Polygonum 
vivtparum, Carex rupestris, Androsace chamaejasme and Oxytropis 
podoearpa are common. Community types in this group are the 
Dryas integrifolta - Carex rupestris ct, the Dryas integrtfolta - 
- Salix alaxensits (islands) ct, the Dryas tntegrifolia - Salix 
arcttca Ct, the Dryas tntegritfolta - Oxytropts podocarpa ct, the 
Dryas tntegrtfolta - Casstope tetragona ct, and the Dryas 


tntegritfolta - Hedysarum mackenzit ct. 


b) Shrub Tundra Group — This group is composed of 2 subgroups: the 
Shrub Stripe Subgroup, consisting of the Dryas integrifolta - 
- Betula glandulosa ct, and the Willow Scrub Subgroup consisting 
of the Saltx arettca - Hedysarun alpinum ct, the Saltx spp. - 
- Casstope tetragona ct, and the Saltx barrattiana - Trollius 
albtflorus ct. It is a heterogeneous group, characterized by 
dominant shrub species, mesic habitats, high bryophyte cover 


and Regosolic soils. 


c) Heath Tundra Group — These communities are restricted to small 
hollows on the S and SE slopes, surrounded by krummholz of 
Abtes lasiocarpa. The 2 ct's of this group are characterized 


by dominant heath species, high plant cover, numerous subalpine 
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species, late snow release and Melanic and Eutric Brunisols. 
The 2 ct's are the Casstope tetragona - Dryas octopetala ct, at 
the edges of the hollows in areas of earlier snow release, and 
the Phyllodoce glanduliflora - Casstope mertenstana ct in 


areas of later snow release. 


d) Snowbed Tundra Group — Snowbeds are small and few in number, and 
melt out later than the heath hollows. Snowbeds are low in 
total plant cover, have relatively high lichen cover and Regosols. 
Only 1 ct, the Saltx arcttea - Salix nivalis ct, is described 


for. Chiseeroup, 


e) Meadow Tundra Group — This heterogeneous group is composed of 
2 subgroups, Dryas Meadows and Herb Meadows. All ct's have high 
plant cover with a continuous or discontinuous layer of showy 
herbs, a good source of water all season, and Regosolic soils, 
although the profiles may be deep. The Dryas Meadow Subgroup 
has 1 ct, the Dryas tntegrtfolta - Hedysarum alptnun ct, which, 
with its continuous layer of Dryas and rich herb assemblage, is 
intermediate between the Rock Tundra Group and the Herb Meadow 
Subgroup. The Elymus tnnovatus - Mertensta paniculata ct and 
Artemista norvegica - Aquitlegta flavescens ct of the Herb 
Meadow Subgroup have very high plant cover and occur in shelter- 


ed locations. 


8. Two transects were sampled. The first followed an altitudinal 
gradient over communities dominated by Dryas tntegrtfolta. One Shrub 
Tundra and 2 Rock Tundra ct's were traversed. The lower section of the 


transect had terraced topography, high moss cover and high shrub cover. 
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The upper end of the transect had vegetation stripes, lower plant cover, 
lower species richness, fewer shrubs and slightly higher lichen cover. 
Hedysarum alpinum was found only at the lower end of the transect and 
Hedysarwn mackenzit at the upper. The second transect covered 4 distinct 
ct's along a snowmelt gradient in a large depression. Rock Tundra 
communities were released first, Meadow Tundra next, and Heath Tundra 
last. There were no Snowbed Tundra communities. Highest species rich- 


ness occurred in transition zones, and the lowest in Rock Tundra ct's. 


9. In comparing the soils of Prospect with those of Signal and Bald 
Hills in the Maligne Range, the major measured difference is in soil 
Pieeethne piu Of the Prospectrsorismis iilgher ederelheetion, of, the ditter- 
enee in) parent) material betweensthe 2 ranges. “S011 types, nutrient 
concentrations, and available moisture were all found to be similar in 


the 3 study areas. 


10. The major difference in meteorological observations taken at Prospect 
and the Maligne study areas is in precipitation; Prospect has significant- 
ly higher total summer precipitation. Comparison with long-term records 
from nearby Grave Flats indicate that 1976 was not a year of abnormally 
high rainfall. Average wind speeds for the summer of 1976 on Prospect 
were higher than those from the Maligne sites in other years. Reports 
from the literature show that the Prospect area often experiences high 
wind speeds, especially in winter. No large differences were noted in 
air temperature or vapour pressure deficit. No quantitative winter 


meteorological data were available for comparison. 


atime 
er het 
o) An 
- 


x hore uP : 
nant ,2oohete abies 


a? 1 
-'. g 


vive ¥ fagtia ses 


Wt wcbieeih” Tink? ene har i 


ry Sanit baci cet ; i 
ye - 

, ons ‘it (72a, aC 

o ie 

Sori 30 2ii08 efi git 


of s= ort. } LG } fat ait ae 
. oa 
min eft to ite a 


: erios Latiesa 7 


Va f TS ember 


wit ateoibat etek tos ee 
7 2 


<4 Dadint tet) w ag 19vA.. »its ar + 


9 


it gngiiel act an seo! mnt tadgid 
z 
ond saty raat woe ovLuteTSd | iL ont 


Ta’ | > oe ac 
4&4 a 


4 


ib oyral ow =. tatnkw a a eb 


“Tk. 
2 T= 
r pnd Te 


Siaiteh stu mea ine 
ah sy tek = 


tay Avt ox inf dave 28 


205 


11. Prospect and Signal have a vascular floristic similarity of 58%. 
Between Prospect and Bald Hills it is 56%, and between Signal and Bald 
Hills it is 81%. The total number of species recorded in each study 
area iS Similar at 191, 197 and 151 for Prospect, Bald Hills and Signal 
respectively. Although the most important families in the 3 areas are 
also similar, there are some notable differences. Families which are 
Significantly larger on Prospect include Salicaceae, Leguminosae and 
Cruciferae (cf. Signal only). Families with the graminoid growth-forn, 
i.e. Gramineae, Cyperaceae and Junaceae, are less important on Prospect, 
as are Ericaceous species... Thesalpines: lorason Prospect, 1s. composed of 
a higher percentage of North American low-elevation and North American 
arctic-alpine species, and fewer Amphi-Beringian species. A significant- 
ly larger proportion of the Prospect flora is made up of species with 


eis juncurdistributions. 


12. Cluster analysis was performed on stands from all 3 study areas. 
Qualitatively based cluster analysis showed the Prospect stands to be 
compositionally distinct. Of the final 2 clusters formed in the fusion 
hierarchy, 1 was composed entirely of Prospect stands and the other of 
Maligne Range stands. The quantitatively based cluster analysis, which 
weights the species by their abundance, showed most Rock Tundra, Shrub 
Tundra and Meadow Tundra stands from Prospect to be structurally and 
compositionally distinct from all Maligne stands at all cluster levels. 
Similar results were obtained when the two dominant Dryas species were 
removed, demostrating the dissimilarity of the subdominant and associated 
species in the stands in these 3 vegetation groups. Snowbed Tundra 


and Heath Tundra conmunities from the 3 areas were more homogeneous. 
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13. Communities from the Maligne Range which were equivalent floristic- 
ally or physiognomically to those of Prospect were designated. Floristic 
equivalents could be assigned to all Heath Tundra and Snowbed Tundra 
communities on Prospect. Most Rock Tundra communities, however, are 
physiognomic equivalents only, while Shrub and Meadow Tundra communities 
have equivalents of both types. Some Prospect communities have no 


known equivalents of either type. 


14. A comparison of transect studies from the 3 areas illustrates the 
replacement on Prospect of Heath Tundra by Shrub Tundra on a elevation- 
al gradient. Snowmelt transects also showed the lack of a true snowbed 
community on the Prospect transect; Heath Tundra often occupies the 


Sites with the latest snowmelt. 


15. Alpine plant communities from other sites in the Alberta Rocky 
Mountains were compared to those on Prospect. Prospect was found to 
possess members of the Salix barrattiana, Casstope, Phyllodoce, Elymus, 
Salix nivalis - Saltx arctica and possibly the Betula glandulosa 
associations, all widespread in the Alberta Rocky Mountains. The Carex 
nigricans and Kobresia associations were notably absent on Prospect. 
Dryas integrtfolta-dominated communities, especially the Dryas 
integrtfolia - Carex rupestris ct, show greatest similarity to communit- 
ies on the Big Snowy Mountains, E of the Divide in Montana, and to those 


of the North American arctic. 


16. Disjunct species found on Prospect were found to be of 2 types: 
those whose presence is best explained by habitat disjunction; and 


those for which a historical explanation is most reasonable. The latter 
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species, which have possibly survived in a glacial refugium in the area, 
have major centers of distribution both north and south of Prospect. 
Refugial species were found to be generally low in cover and to occur in 
a number of habitats encompassing a large range of soil pH values and 
Soil moisture regimes. Many of the arctic species with disjunct popula- 
tions on Prospect are found in the Dryas integrifolia - Carex rupestris 
Gis. as they are in thevarctic., Only Salzusalaxenstsnand Carex misandra 
are important ecologically, and no refugial species replaces another 


species found in the same ct in a heavily glaciated area. 


17. Indirect and direct ordination techniques were used to try to 
determine what environmental factors have contributed to the different- 
iation of communities between the 2 main study areas. Of all the 
edaphic and climatic factors plotted, soil pH showed the greatest 
correlation with community placement on the indirect ordination field, 
and therefore it was used as an axis in the direct ordination. Plotting 
the stand groups formed by cluster analysis showed differentiation 
along the pH gradient of stands with a high degree of compositional and 
structural similarity. Snow depth and release date are probably more 
important than soil pH or moisture in determining the placement of 
Heath and Snowbed Tundra communities on the landscape. No comparable 


snow data were available to be plotted. 


18. Differences in parent material and soil pH have the largest effect 
in producing differences in vegetation and flora between Prospect and 

the Maligne Range study areas. The edaphic differences exert a select- 
ive influence on the local vascular flora due to the differing environ- 


mental requirements and optima of numerous species in the regional 
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flora. The difference in parent materials affects the relative species 
richness and ecological importance of some families, notably the 
Leguminosae and Ericaceae, which affects both the composition of the 
flora and the vegetation patterns. Edaphic differences between study 
areas effect changes in the dominant species, mostly due to differences 
in Optimal phy e.g. Dryas tnitegrtfoltas®ct. D. octopetala, MThis differ- 
ence in dominant species, along with differences in associated species 
and, therefore, in the communities themselves, accounts for the lack of 
floristically equivalent communities on some similar habitats on 


Prospect, Signal and Bald Hills. 


19. The greatest measured climatic difference between the 2 main study 
areas was summer precipitation. However the higher precipitation on 
Prospect is counteracted by higher wind speeds, steeper slopes, and 
more rapid drainage which produce a xeric environment for alpine plants. 
Perhaps the greatest unmeasured climatic effects on the vegetation are 
from winter wind and snow and their interactions. Higher winter wind 
speeds on Prospect would remove and redistribute snow creating more 
exposed sites, accounting for the larger extent of Rock Tundra there. 

It would permit fewer snowbed habitats and perhaps explains the lower 
diversity of snowbed communities and species. Similarly, it would 
create fewer sites suitable for Heath Tundra which is therefore restrict- 
ed to small hollows. Consequently Shrub Tundra is important on the 
lower alpine slopes where Heath Tundra might otherwise be expected to 


dominate. 
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20. Of the 3 major factors, glacial history has had the smallest 

influence on the vegetation and flora of Prospect. It accowuts for 
the presence of certain disjunct, refugial species which enrich and 
differentiate’ the flora siiehtly. ft may have had areffect on the 
relative species richness of the phytogeographical categories which 
make up the floras in the 3 study areas, In general, however, it 


has had a minimal effect on the vegetation. 
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APPENDIX I — List of vascular species found in the alpine zone on Prospect Mountain. 


OPHIOGLOSSACEAE 


Botrychiwn lunarta (L.) Sw. 


POLYPODIACEAE 


Cystopterts fragilis (L.) Bernh. 


SELAGINELLACEAE 
Selagtnella densa Rydb. 


EQUISETACEAE 


Equtsetum arvense L. 


Equtsetun setrpotdes Michx. 


Equtsetun vartegatwum Schleich. 


PINACEAE 


Abtes lastocarpa (Hook.) Nutt. 


Juntperus comnunts L. 


Juntperus horizontalts Moench. 


Picea engelmannit Parry 


GRAMINEAE 


Agropyron lattglwne (Scribn. § Smith) Rydb. 
ORCHIDACEAE 


Habenarta viridts (L.) R.Br. 


Agropyron smtthtt Rydb. 


Bromus pumpelitanus Scribn. 
Calamagrostis purpurascens R.Br. 


Deschampsta caespttosa (L.) Beauv. 


Elymus tnnovatus Beal 


Festuca baffinensts Polunin 
Festuca brachyphylla Shultes 


Phlewn alpinun L. 

Poa alpina L. 

Poa arctica R.Br. 

Poa cusickit Vasey 
Poa pattersonit Vasey 
Poa pratensis L. 


Poa rupticoia Nash 


Trisetum spicatwn (L.) Richt. 


CYPERACEAE 
Carex atrosquava Mack. 
Carex festivella Mack. 
Carex franklinit Boott 
Carex miscndra R.Br. 


Carex nardina Fries 


Carex petricosa Dewey 
Carex phaeocephala Piper 
Carex physocarpa Presl. 
Carex raymondit Calder 
Carex rupestris All. 
Carex sctrptformis Mack. 
Carex setrpoidea Michx. 


Carex spectabilts Dewey 


Kobresta bellardit (All.) Degl. 


Kobresia stmplictuseula (Wahlenb.) Mack. 


JUNCACEAE 


Juncus drwnmondit E. Meyer 


Luzula parvtflora (Ehrh.) Desv. 


Luzula spteata (L.) DC. 


LILIACEAE 
Streptopus amplextfoltus (L.) DC. 
Tofteldta pustlla (Michx.) Pers. 


Veratrum eschscholtztt A. Gray 


Zygadenus elegans Pursh. 


SALICACEAE 


Saltx alaxensis (Anderss.) Coville 


Saltx arbusculotdes Anderss. 
Salix arettica Pall. 

Saltx barrattiana Hook. 
Saltx drwnmondiana Barratt 
Saltx glauca L. 

Saltx nivalis Hook. 

Salix reticulata L. 

Saltx vestita Pursh. 


BETULACEAE 


Betula glandulosa Michx. 


POLYGONACEAE 


Eriogonwn androsaceum Benth. 
Oxyrta digyna (L.) Hill 
Polygonwn viviparwn L. 


Rumex alpestris (Scop.) Ltve 
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PORTULACACEAE 


Claytonta lanceolata Pursh 


Parnassta kotzebuet Cham. § Schlect. 
Ribes oxycanthotdes L. 
Saxtfraga adeendens L. 


CARYOPHYLLACEAE Saxifraga atzoides L. 


Cerastiwn beeringianun Cham. §& Schlect. Saxtfraga caespitosa L. 
Lychnts apetata L. Saxtfraga cernua L. 
Minuartta austromontana Wolf §& Packer Saxifraga lyaliti Engler 
Minuartta rubella (Wahlenb.) J.E. Smith Saxtfraga opposittfolta L. 
Minuartta sajanensis Willd. Saxtfraga trtcusptdata Rottb. 
Stlene acaults L. var exseapa (All.) DC. Telesonix juwnestt (Torr.) Raf. 
Stellarta monantha Hultén 

ROSACEAE 


RANUNCULACEAE Dryas integrifolia M. Vahl. 


Aconttum delphintfoltum DC. 

Anemone adrwnmondtt S. Wats. 

Anemone multtftda Poir. 

Anemone parviflora Michx. 
Aquilegta flavescens S. Wats. 
Delphintun glaucwn S. Wats. 
Ranunculus eschschoitett Schlecht. 
Thalictrum occetdentale A. Gray 
Trollius albtflorus (A. Gray) Rydb. 


PAPAVERACEAE 


Papaver kluanensts D. Ltve 


CRUCIFERAE 


Arabis drunmondit A. Gray 

Brava humilis (C.A. Mey.) Robins 
Braya purpurescens (R.Br.) Bunge 
Draba albertina Greene 

Draba aurea M. Vahl. 

Draba borealis IC. 

Draka cana Rydb. 

Draba crasstfolta Grah. 

Draba ineerta Payson 

Draba tonehocarpa Rydb. var lonehocarpa 
Draba macountt 0O.E. Shultz 

Draba oltgosperma Hook. 

Draba paysontt Macbr. 

Dreba porsildit G.A. Mulligan 
Lesquerelia arctica (Wormsk}.) Wats. 


Smelowskia calycina (Stephan) C.A. Mey. 


SAXTFRAGACEAE 


Mitella nuda L. 


Parnassita fimbrtata Konig. 


Dryas octopetala L. 


Fragarta virginiana Duschesne 


Potentilla 
Potentilla 


Potenttlla 
Potentilla 
Potenttlla 
Potenttlla 


diverstfolta Lehm. 


atverstfolia var multtsecta 


(S. Wats) Rydb. 
fruticosa L. 
gractits Dougl. 
ntvea L. 
untflora Ledeb. 


Sibbaldta procumbens L. 


LEGUMINOSAE 


Astragalus 
Astragalus 
Astragalus 


Astragalus 


aboriginun Richards 
alpinus L. 
occidentalis (S. Wats.) M.E.Jones 


vextlliflexus Sheld. 


Hedysarumn 
Hedysarum 
Hedysarum 


Oxytropts 


Oxy tropts 
Oxy tropis 
Oxy tropts 


ONAGRACEAE 


Eptlobiwn 
Eptlobium 
Ept Lobtwn 


UMBELLIFERAE 


Heraclewn 


alpinum L. 
boreatle Nutt. 
mackenztt Richards 


camestris (L.) DC. var custckit 
(Greene) Barneby 


VOLGAL LIA LOESE 
podoearpa A. Gray 
splendens Dougl. 


angusttfoltum L. 
hormnantt Reichenb. 
lattfoliwn L. 


Lanatun Michx. 
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PYROLACEAE VALERIANACEAE 


Monensts untflora (L.) A. Gray 
Pyrola asartfolta Michx. 


Valertana sttchensts Bong. 


Pyrola grandtflora Radius CAMPANULACEAE 


ERICACEAE 
Arctostaphylos rubra (Rehder §& Wils.) Fern. 
Aretostaphylos uva-urst (L.) Spreng. 


Campanula lastocarpa Cham. 
Campanula rotundtfolta L. 
Campanula untflora L. 


Casstope mertensiana (Bong.) D. Don COMPOSITAE 


Cassiope tetragona (L.) D. Don 

Ledum groenlandtewn Oeder 

Phyllodoce glanduliflora (Hook.) Coville 
X Phyllodoce intermedia (Hook.) Camp 


PRIMULACEAE 
Androsace chanaejasme Host 


Androsace septentrionalts L. 


GENTIANACEAE 
Genttana prostrata Haenke 
Genttanella amarella (L.) Borner 
Genttanella propinqua (Richards) J.M.Gillett 


HYDROPHYLLACEAE 


Phacelta sericea (Graham) A. Sray 


BORAGINACEAE 
Mertensia paniculata (Ait.) G. Don 


Myosotts alpestrts Schmidt 


SCHROPHULARIACEAE 
Castilleja miniata Doug]. 
Castilleja ocetdentalts Torr. 
Euphrasia disjuncta Fem. § Wieg. 
Pedicularts bracteosa Benth. 
Pedicularis capttata Adams 
Pedicularis flanmea L. 
Pedicularts lanata Cham. § Schlect. 


Veronica alpina L. var unalaschensis C § S 


CAPRI FOL IACEAE 


Linnaea borealis L. 


Achtllea millefoltun L. 
Antennaria alpina (L.) Gaertn. 
Antennarta lanata (Hook.) Greene 
Antennartia monocephala WH. 
Arntea alpina (L.) Olin 


Arnica alpina (L.) Olin ssp attenucta 
(Greene) Maguire 


Arntea cordifolia Hook. 
Arnica ditverstfolta Greene 
Arnica loutseana Farr 
Artemtsta norvegica Fries 
Aster alpinus L. 

Aster stbericus L. 

Crepts nana Richards 
Ertgeron composttus Pursh 
Erigeron grandiflorus Hook. 
Erigeron humilis Grah. 
Ertgeron lanatus Hook. 
Ertgeron peregrinus (Pursh.) Greene 


Erigeron radtcatus Hook. 


Petasites frigidus (L.) Fries var ntvalts 


(Greene) Cronq. 
Saussurea densa (Hook.) Rydb. 
Senecto canus Hook. 
Senecto lugens Richards 
Senecto trtangularts Hook. 
Solidago multiradiata Ait. 
Taraxacwn ceratophorum (Ledeb.) DC. 


Taraxacwn lyratwn (Ledeb.) DC. 
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APPENDIX III. Annotated list of alpine species found on Prospect, Signal and 
Bald Hills. For distribution type (DT) see page 37, and for 
moisture index (MI) see page 31. 


DT MI 
OPHIOGLOSSACEAE 
Botrychiwn lunarta (L.) Swartz 9 +520 
POLYPODIACEAE 
Cystopterts fragilis (L.) Bernh. OS, 120 
Gymnocarptun dryopterts (L.) Newm. 9 > 
Polystichwn lLonchitis (L.) Roth. 2 a 
EQUISETACEAE 
Equtsetum arvense L. 9 4.0 
Equisetun sctrpoides Michx. S50 
Equtsetun vartegatum Schleich So (goe5 
LYCOPODIACEAE 
Iycopodtun alpinum L. hed eee Hs 
Iycopodiwn annotinum L. 9 = 
Iycopodium clavatun L. ] = 
Lycopodium selago L. Ci 0 
SELAGINELLACEAE 
Selaginella densa Rydb. Aer 220 
PINACEAE 
tes Lastocarpa (Hook.) Nutt. ae APA 
Juntperts communis L. GO 6245 
Juntperts horizontalts Moench. S'Pe245 
Picea engelmanii Parry 4s “e2eS 
Pinus contorta Loudon var latifolia Engel. 4 : 
GRAMINEAE 
Agropyron latiglwne (Scribn. § Smith) Rydb. ie ee) 
Agropyron smtthit Rydb. 4.0 


Agrostis vartabilis Rydb. 

Arctagrostis arundinaceae (Trin.) Beal 
Bromus pumpelltamus Scribn. 
Calanagrostis tnexpansa A. Gray 
Calanagrostis purpurascens R.Br. 


Danthonia intermedia Vasey 
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Deschanpsta atropurpurea (Wahlenb.) Scheele his) 
Deschanpsia caespitosa (L.) Beauv. 9 ~420 
Elymus tnnovatus Beal. Bo. 3.0 
Festuca baffinensts Polunin a mano 
Festuca brachyphylla Schultes 2 acs 
Hterochloe alpina R. & S. a Shy 


fe Fhe 
' * 7 
maw 8 & 4 


Ito (,do0!) pgpeede] ashik 
1 vkaswne sorrel | 7 : 
Lot 9 Vipeyshak amagiedl Z “a 

erat SHeuxed ogre vase’ 

clog obtdyetnd ver. fokond Grestens os 


» 
¢ 


SRO 


Sie (daiek § -thsse) cabana heen 


= =F FF £&  F 


ee ae 
eT, ithe aaanbenele 


fect (.t27) iecentord 


dirt 
yd A cakoqeaed stant meet 
Papacy aia ay 
ee eee ed 
smi da Sree t- gutie, 
: 
i ‘ 2 ned Sete rss 
me oe - _—~ ve 
all 
rae 


: 
- =f) 
j = 


pe 2 ae ee he o> & & 


{ 
tal 


Phlewn aipinun L. 


Poa alpina L. 


Poa arctica R. Br. 


Poa custckit Vasey 
Poa tntertor Rydb. 


Poa lettermantt Vasey 


Poa pattersonit Vasey 


Poa pratensis L. 


Poa ruptcola Nash 


Poa scabrella (Thurb.) Benth. ex Vasey 
Trisetwn spicatun (L.) Richter 


CYPERACEAE 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 
Carex 

Carex 
Carex 
Carex 
Carex 
Carex 


Carex 


albontgra Mack. 
atrata L. 
atrosquana Mack. 
bipartita All. 


brevipes Boott 


brumnescens (Pers.) Poir. 


eleusinoides Turcz. 
festivella Mack. 
franklinit Boott 
glactalts Mack. 
haydentana Olney 


tneurvtformts Ifack. 


macrochaeta C.A. Mey. 
microglochin Wahlenb. 


misandra R. Br. 
nardina Fries 
ntgricans C.A. Mey. 
paupercula Michx. 
paysonts Clokey 
petrtcosa Dewey 
phaeocephala Piper 
pyrenatca Wahlenb. 
raymondit Calder 
rupestris All. 
sctrptformts Mack. 
sctrpotdea Machx. 


spectabtiits Dewey 


Eriophorwn polystachton L. 


Ertophorun scheuchzeri. Hoppe 

Eriophorun viridicarinatum Ferm. 
Kobresia bellardit (All.) Degl. 
Kobresia simpliciuscula (Wahlienb.) Mack. 
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JUNCACEAE 
Juncus 
Juncus 
Juncus 
Juncus 
Luzula 
Iuzula 
Luzula 


Luzula 


LILIACEAE 


biglwnis L. 

castaneus Sm. 
drummonditi E. Meyer 
mertenstanus Bong. 
arcuata (Wahlenb.) Sw. 
parviflora (Ehrh.) Desv. 
sptcata (L.) DC. 
wahlenbergitt Rupr. 


Streptopus amplexifoltus (L.) DC. 
Tofteldia pusilla (Michx.) Pers. 


Veratrum eschscholtztt A. Gray 


Zygadenus elegans Pursh. 


ORCHI DACEAE 


Habenaria viridis (L.) R. Br. 


SALI CACEAE 


Salix alaxensts (Anderss.) Coville 


Saltx arbusculoides Anderss. 


Saltzx aretica Pall. 


Saltx barratttana Hook. 
Saltx drunmondtana Hook. 


Saltz glauca L. 


Saltx ntvalts Houk. 


Saltx rettculata L. 


Saltx vesttta Pu:sh. 


BETULACEAE 


Betula glandulosa Michx. 


POLYGONACEAE 


Ertogonum androsaceun Benth. 
Oxyria digyna (L.) Hill 


Polygonun viviparwn L. 


Runex alpestris (Scop.) Live 


PORTULACACEAE 


Claytonta lanceolata Pursh. 


CARY OPHY LLACEAE 
Cerastiwn beeringianun Cham. §& Schlect. 
Iychnis apetala L. 


Minuartta austromontana Wolf and Packer 
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Minuartia obtustloba (Rydb.) Fern. 


Minuartta rubella (Wahlenb.) J.E. Smith 


Minuartia sajaensts Willd. 


Sagina saginotdes (L.) Britt. 


Stlene acqults L. 


Stellavia calycantha (Ledeb.) Bong. 


Stellaria longtpes Goldie 


RANUNCULACEAE 


Aconttum delphintfolium DC. 


Anemone drunmondti S. Wats. 


Anemone multtfida Poir. 


Anemone oeetdentalts Wats. 


Anemone parviflora Michx. 


Aquilegta flavescens S.Wats. 


Caltna leptosepetala DC. 


Delphintun glaucun S. Wats. 


Ranunculus eschscholtzit Schlecht. 


Ranunculus gelidus Kar. §& Kir. 


Ranunculus nivelts L, 


Ranunculus pygmaeus Wahlenb. 


Thalictrum occidentale A, Gray 


Trollius albiflorus (A. Gray) Rydb. 


PAPAVERACEAE 


Papaver kluanensts 


CRUCIFERAE 


Arabts drwnmondit Gray 


Arabis lyallii Wats. 


Arabts lyrata 1, 


Braya 


huntits (C.A. Mey.) Robins 


Braya purpurescens (R. Br.) Bunge 
Cardamine belltdifolta L, 


Cardamine oltgosperma Nutt. 


Draba 
Draba 
Draba 
Draba 
Draba 
Draba 
Draba 
Draba 
Draba 


Drapa 


albertina Greene 
aurea M. Vahl. 
borealts DC. 

cana Rydb. 
erasstfolta Grah. 
incerta Payson 
Lonehocarpa Rydb. 
macountt QO.E. Shultz 
nivalts Liljebl. 


oligosperma Hook. 
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Draba paysonit Macbr. 
Draba porstldiit G.A. Mulligan 
Draba praealta Greene 


Erysiun pallastt (Pursh) Fern. 


Lesquerella arctica (Wormskj.) Wats. 


Smelowskta calycina (Stephan) C.A. Mey. 


CRASSULACEAE 


Sedum lanceolatum Torr. 


SAXTFRAGACEAE 
Leptarrhena pyroltfolia (D.Don) R. 


Mitella nuda L. 


Parnassta fimbriata Konig. 
Cham. § Schl. 


Parnassta 


Ribes oxycanthotdes 


Saxtfraga 
Saxtfraga 
Saxifraga 
Saxtfraga 
Saxtfraga 
Saxtfraga 
Saxtfraga 
Saxifraga 
Saxtfraga 
Saxt fraga 
Saxtfraga 
Saxtfraga 


Telesoniz 


ROSACEAE 
Dryas integrifolia M. Vahl. 


kotzebuet 


adcendens 
atzotdes L. 
bronchtalis L. 


caespttcsa L. 


ecermua L. 


tyallit Engl. 
oecidentalts Wats. 
oppestiifolia » L. 
punetata L. 
rhombotdea Greene 
rivularis L. 
trtcusptdata Rottb. 


jamesii (Torr.) Raf. 


Dryas octopetala L. 


Fragaria virginiana Duchesne 

Luetkea pectinata (Pursh) Kuntze 
Potentilla 
Potentilla 
Potenttlla 
Potentilla 


Potentilla 


Potentilla nivea L. 


Potenttlla 
Potenttlla 


Rosa actcularis Lindl. 


Rubus tdaeus L. 


diverstfolta Lehm. 
diverstfolta Lehm. var. 
fruticosa L. 

gractlits Dougl. 


hyperarctica Malte 


untflora Ledeb. 


villosa Pall. ex Pursh 


Br. ex Ser. 


multtsecta 


(S. Wats.) Rydb. 
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Stbbaldia 


LEGUMINOSAE 
Astragalus 
Astragalus 
Astragalus 
Astragalus 
Hedysarum 
Hedysarum 
Hedysarwm 
Oxy tropts 
Oxy tropte 
Oxytropts 
Oxytropts 


EMPETRACEAE 


procunbens L, 


aboriginum Richards 
alpinus L, 
occidentalis (S. Wats.) M.E. Jones 
vexilltflexus Sheld. 
alpinun L. 
boreale Nutt. 
mackenztt Richards 
campestris (L.) DC. 
jordaltt Pors. 
podocarpa A. Gray 


splendens Dougl. 


Empetrum nigrum L. 


ELEAGNACEAE 


Shepherdta canadensts 


ONAGRACEAE 
Eptlobtum 
Ept lobiwn 
Eptlobium 
Eptlobtum 
Eptlobtum 
Eptlobium 


UMBELLIFERAE 


Heracleum 


PYROLACEAE 


alpinum L, 
angusttifoltum L,. 
elavatum Trel. 
hornemantt Reichenb. 
lactitflorum Hausskn. 
lattfoltum L,. 


Lanatum Michx. 


Monensts untflora (L.) A. Gray 
Pyrola asartfolta Michx. 
Pyrola grandiflora Radius 


Pyrola minor L, 


Pyrola secunda L, 


ERICACEAE 


Arctostaphylos rubra (Rehder § Wils.) Fern. 


Arctostaphylos uva-urst (L.) Spreng. 


Casstope mertenstana (Bong.) D. Don 


Casstope tetragona (L.) D. Don 


Kalmia poltfolta Wang var. microphylla (HNook.) Rehd. 
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Ledwn groenlandicum Oeder 

Phyllodoce glandultflora Coville 
Phyllodoce empetrtformts (Smith) D.Don 
Vaccintum caespttoswun Michx. 

Vacetnium scoparium Leiberg 


Vaccinium vitis-idaea L. var. minus Lodd. 


PRIMULACEAE 
Androsace chomaejasnie Host 


Androsace septentrionalts L, 


CAPRIFOLIACEAE 


Linnaea borealts L. 


GENTIANACEAE 
Genttana glauca Pallas 
Genttana prostrata Haenke var. americana Engl. 
Gentianella amarella (L.) Borner 


Genttanella propinqua (Richards) J.M. Gillett 


HYDROPHY LLACEAE 


Phacelia sertcea (Grahan) A. Gray 


BORA GUNACEAE 
Mertensia paniculata (Ait.) G. Don 
Myosotis alpestris Schmidt 


SCROPHULARIACEAE 
Castilleja mintata Dougl. 
Castilleja occidentalis Torr. 
Castilleja rhexifolva Rydb. 
Euphrasia disjuncta Fern. §& Wieg. 
Pedicularts arctica R. Br. 
Pedicularis bracteosa Benth. 
Pedicularts capttata Adams 
Pedicularts flammea L. 
Pedteularts groenlandicun Retz. 
Pedicularis Llanata Chan § Schlecht 
Penstemon ellipticus Coult. 4 Fish. 


Veronica alpina L. var. wnalaschensts C. § S. 


VALERIANACEAE 
Valertana sitchensts Bong. 
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DT MI 
CAMPANULACEAE 
Canpanula lastoearpa Cham. Ze De 
Campanula rotundifolta L. 9 20 
Camenula untflora L. ees 
COMPOSITAE 


Achillea millefolium L. 

Agoserts auranttaca (Hook.) Greene 
Antennarta alpina (L.) Gaertn. 
Antennaria lanata (Hook.) Greene 
Antennaria monocephala DC. 
Antenmarta wnbrinella Rydb. 

Arnica alpina (L.) Olin 

Arnica alptna (L.) Olin ssp. attenuata (Greenc) Mag. 
Arnica cordifolta Hook. 

Arnica diverstfolta Greene 

Arnica latifolta Bong. 

Arntca loutseana Farr 

Arnica mollis Hook. 

Arnica rydbergit Greene 


Artemisia mtchauxtona Bess 
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Artemtsta norvegtca Fries 
Aster alpinus lL, 

Aster stbericus L. 

Crepis nana Rich. 

Erigeron acrts |. var, debilts Gray 
Erigeron aureus Greene 
Erigeron composttus Pursh 
Erigeron grandtflorus Hook. 
Erigeron hwnilts Grah. 
Erigeron ltanatus Hook. 
Erigeron pallens Cronq. 
Erigeron peregrinus (Pursh) Greene 
Erigeron radicatus Hook. 
Hieracitun gractle Hook. 
Petasites frigidus (L.) Fries 
Saussurea densa (Hook.) Rydb. 
Senecto canus Hook. 

Senecio cymbalartoides Nutt. 
Senecio freemontit T. & G. 
Senecto lugens Richards 
Senecto pauctflorus Pursh 
Senecio trtangiularts Hook. 
Soltdago multtradiata Ait. 


Taraxacum ceratophorum (Ledeb.) DC. 
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Taraxacum lyratum (Ledeb.) DC. il.§ 
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APPENDIX IV. Mean cover of some additional species along Transects # 1 and #2, 


Transect #1 


X cover 


Stellaria longipes 


Carex mtsandra 
Silene acaulis 


Saussurea densa 


Soltdago multtradiata 


* 


mean of 4 consecutive 


Transect #2 


X cover 


Arnica alpina 
Soltdago multtradtata 
Potentilla diverstfolta 
Carex scetrpoidea 
Genttanella proptnqua 
Poa alpina 

Androsace chamaejasme 
Euphrasta dtsjuncta 
Erigeron huntits 
Trisetun spteatun 
Antennarta alptna 
Carer atrosquama 

Poa arctica 
Phleun-alptnum 

Carex misandra 
Petasites frigtdus 
Verontca alptna 
Elymus tnnovatus 
Aster alpinus 
Stellarta longtpes 
Pyrola asartfolta 
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APPENDIX V. Relativized X and Y coordinates of the Prospect, Signal and 
Bald Hills stands on the Bray-Curtis indirect ordination. 
Index of similarity is the coefficient of community. Endpoint 
stands for the X-axis are 28 and 17, and for the Y-axis 21 


and 49. 
X Y 
Stand Coordinate Coordinate 
1 OFM 19.4 
Z 85.9 16.0 
3 91.0 S126 
4 95.7 Sil) 
5 49.5 2205 
6 OSeS 13.9 
7 85.0 16.6 
8 Sod Se, 
9 54.3 18.7 
10 85.7 AQ). 
iL od! eS 
We 46.3 51.9 
5 68.0 48.1 
14 Giles 39.8 
15 41.0 43.4 
16 33.8 MEA 
7, 100.0 Z0eZ 
18 62.6 5.0 
19 46.2 2226 
20 Sail 20.8 
21 BOEZ 0.0 
ae 47.0 14.4 
ZS 42.8 AV 7 
24 74.4 IA 6 
25 TAS) 7 ed 
26 40.9 ILA Se 
7) 29.1 et 
28 0.0 20.4 
"3) Al] 14.9 
30 Sh 7 TNS 
31 Ms I 9 
32 42.2 36.9 
aS SAS 43.6 
34 48.3 38.9 
oD 49.2 38.7 
36 Ky/o'S S240 
SF Some: 46.7 
38 All 5S Tosca 
39 40.1 Sos 
40 40.0 AWD 
41 ZSme 48.4 
42 34.3 S505 
43 25.0 Sez 
44 3556 Sve! 
45 40.9 USF 
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